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PREFACE. 



In the following work I have endeavoured to bring the questions 
before the students as plainly as the nature of the subjects will admit ; 
my own experience as a teacher of Engineers strongly inclines me to 
think that ample explanations should be given to every question, and I 
have acted in accordance with that opinion. 

As many of the questions are now proposed by the Examiners to the 
Candidates in an Algebraic form, I have given as much of the principles 
of Algebra as will enable the candidate to read and apply the formulsB 
with facility, and I have also freely applied the principle of cancelling 
where it can be used to shorten the solution. 

In a few of the examination papers every figure required in the 
solution of the questions in those papers is put down, and afterwards 
the principal steps in the solution of every question are given. 

To facilitate the understanding and working out, questions involving 
the weight of different parts of the steam engine, I have given wood 
cuts of those parts, so as to meet the requirements of Engineers, and to 
enable them to comprehend the form and size of the article of which 
they have to find the weight. 

I have also introduced such drawings as will be good examples for 
both study and practice ; those examples have in all cases been given 
at the examinations. 

While writing this work I have had the assistance of some very 
experienced teachers, and skilful practical engineers, to whom I am 
much obliged for their very valuable help. 

Some of the indicator diagrams were taken by a gentleman from 
different engines built on the Tyne and Wear, and the remainder were 
taken by him from the *' Engineer'* and '* Engineering,** by the kind 
permission « of the Editors of those works, for which I sincerely thank 
them. 

I venture to express a hope that Engineers, whether at sea or on 
shore, who are preparing for examination, will find in this work all that 
is necessary to enable them to pass 41 creditable examination. 

Wm. C. BERGEN. 
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PART I. 



AEITHMETIO. 



NOTATION AND NUMERATION. 

The following figores are nsed to express nnmbers ; the value of 
every number is placed underneath it. 

0, 1, 2, 8, 4, 6, 6, 7, 8, 9. 

nothing, one, two, three, four, five, six, seven, eight, nine. 

By the combination and repetition of these numbers, any number 
whatever may be expressed. 

NUMERATION TABLE. 

1 Units. 

21 Tens of Units. 

821 Hundreds of Units. 

4 821 Thousands of Units. 

64 821 Tens of Thousands of Units. 

654 821 Hundreds of Thousands of Units. 

7 654 821 MilHons. 

87 654 821 Tens of MiUions. 

987 654 821 Hundreds of Millions. 

1 987 654 821 Thousands of MiUions. 

21 987 654 821 Tens of Thousands of Millions. 

821 987 654 821 Hundreds of Thousands of Millions. 

4 821 987 654 821 BilUons. 

Note. — Only the first figure of every line, counting from the left hand, 
is considered in the above table, the other figures are put in to keep the 
first figures in their proper places. 

Bead the number 2 222 222 222 222. 

Note. — ^It is convenient to divide large numbers into parts containing 
six figures each, and to subdivide each of those parts into two portions 
containing three figures each. The first six figures, counting from the 
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right hand, are nnits ; the second six are millions ; the third six are 
hillions ; and so on. 

Answer : Two hillions, two hundred and twenty-two thousands two 
hundred and twenty-two millions, two hundred and twenty- two thousands 
two hundred and twenty-two. 

Local Value. — The preceding numher consists of a repetition of the 
numher 2 ; the first, heginning at the right hand, represents two single 
ohjects, that is two units ; the second two represents two tens ; the 
third two represents two hundreds, and so on. Thus the numher re- 
presented hy it varies, according to its position. The value in a given 
position is c^ed its local value. The cipher has no value hy itself, hut 
when it is placed to the right hand of significant figures it increases 
their value tenfold ; thus the numher 20 represents twenty, the number 
200 represents two hundred, and so on. 

EXEBCISES. 
Express in figures : — 

No. 

1 Seventeen. 

2 One Hundred and Six. 
8 Three Thousand and Seventeen. 

4 One Million, Four Hundred and Twelve, 

5 Eight Hundred Millionv and Ninety-one 

6 Five Hundred Thousand Millions. 500 





Answer. 




17 




106 




8 017 


1 


000 412 


800 


000 091 


000 


000 000 



Express in words : — 

Nine Hundred and Seventy Millions, Four Hundred 
and Twenty-five Thousands, Six Hundred and 
, Thirty-two. 
8—700 000 012 Seven Hundred Millions and Twelve. 



7—970 426 682 



Note, — ^By separating the figures into groups of three figures as above 
they are easily read. 



SIMPLE ADDITION. 

Simple Addition is the method of finding a whole number, which is 
, called the sum, equal to two or more whole numbers added together. 

Example. — ^Add 648, 749 and 642 together. 

Solution. 
648 
749 
642 



Sum, 1834 • Answer. 
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Proceed thus : Arrange the number as in the solution ; namely, units 
under units, tens under tens, and hundreds under hundreds ; Uien the 
sum of 2 and 9 is 11, and the sum of 11 and 8 is 14 ; put down 4 in the 
units place of the answer, and add 1 mentally to the column of tens, or, 
as it is called, carry 1 ; then the sum of 1 and 4 is 5, and the sum of 5 
and 4 is 9, and the sum of 9 and 4 is 18 ; put down 8 in the tens place 
of the answer, and carry 1 to the column of hundreds, then the sum of 
1 and 5 is 6, and the sum of 6 and 7 is 18, and the sum of 18 and 5 is 
18 ; put down 8 in the hundreds place of the answer, and 1 in the 
thousands place, and thus the sum is found to be 1884. 

EXEBGISES. 



(1) 47847 
29568 
89482 


(2) 67821 
64809 
74697 


(8) 86482 
10064 
87697 


166842 


196827 


184188 


i) 894781 
664201 
468197 
642106 


(6) 897482 
694764 
827820 
462078 


(6) 789600 
481714 
624894 
671009 


1964284 


1781689 


2416717 



SIMPLE SUBTRACTION. 

Subtraction is the method of finding the difference of two whole 
numbers. 

Example. — ^Find the difference between 82 and 18* 

Solution. 
82 
18 



14 Answer. 

Place the lesser number under the greater, units under units, and tens 
under tens ; then as 8 exceeds 2, botrow 10 and add it to the 2, the sum 
is 12, take 8 from 12, the remainder is 4, set down 4 in the units place of 
the answer. Again, as 10 was borrowed it must be returned by carrying 
1 to the column of tens ; then the sum of 1 and 1 is 2, take 2 from 8, 
the remainder is 1, which set down in the column of tens ; this completes 
the answer. 



(1) 



From 9 
Take 7 



EXEBGISES. 

(2) From 848 
Take 171 



(8) From 5429 
Take 8072 



Answer 2 



Answer 172 



Answer 2857 
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(4) From 69742 (5) From 97482 (6) From 896978 
Take 2946 Take 17401 Take 179042 



Answer 66796 Answer 80081 Answer 217981 



MULTIPLICATION. 

MuUiplicalion is a short method of adding eqnal nnmhers. 

MUTIPLICATION TABLE. 



1 


2 


8 


4 


6 


6 


7 


8 


9 


10 


11 


12 


2 


4 


6 


8 


10 


12 


14 


16 


18 


20 


22 


24 


8 


6 


9 


12 


15 


18 


21 


24 


27 


80 


88 


86 


4 


8 


12 


16 


20 


24 


28 


82 


86 


40 


44 


48 


6 


10 


16 


20 


26 


80 


86 


40 


46 


60 


66 


60 


6 


12 


18 


24 


80 


86 


42 


48 


64 


60 


66 


72 


7 


14 


21 
24 


28 
82 


86 
40 


42 


49 


66 


68 


70 


77 


84 


8 


16 


48 


66 


64 


72 


80 


88 


96 


9 


18 


27 


86 


46 


64 


63 


72 


81 


90 


99 


108 


10 


20 


80 


40 


60 


60 


70 


80 


90 


100 


110 


120 


11 


22 


88 


44 


66 


66 


77 


88 


99 


110 


121 


182 


12 


24 


86 


48 


60 


72 


84 


96 


108 


120 


182 


144 



The numher which is to he added is called the multiplicand, the num- 
ber which shews how often the multiplicand is added is called the 
multiplier, and the sum is called the product. 

Case I.— WHEN THE MDLTIPLIEB IS NOT GREATEB 

THAN 12. 

Example. — ^Multiply 164 by 7. 

Solution. 
Multiplicand 164 
Multiplier 7 



Product 1148 

Look in the first column of the table for the multiplier 1, then look 
along the upper line of the table for the units figure of the multiplicand 
4, look in the column under 4 until it meets the 7th line, the number 28 
is at the point of meeting, put down 8 in the units place of the product, 
and carry the 2. Again, look in the column under the next figure of the 
multiplicand, which is in the upper line, that is look under 6 until the 
column meets the 7th line, the number 42 is at the point of meeting, 
add the 2 which was carried to 42, the sum is 44, put down 4 in the 
place of tens, and carry 4. Finally, look under the next figure 1 until 
it meets the 7th line, the number 7 is at the point of meeting, take out 7 
and add the 4 which was carried to it, the sum is 11, which set down 
as in the product. 



EXAlOMATlOirS OF BMOlMXBBg. 

The table is formed by addition ; thus, in the margin, 4 
is added 7 times, and the sam is 28, and this som is pat in 
the table at the point where the column under 4 meets the 
7th line. The whole of the table is formed in a similar 
manner. It is absolutely necessary for the pupil to commit 
this table to memory. 



4 
4 
4 
4 
4 
4 
4 



28 



(1) 


Mnltiply 967 
By 2 
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(2) 


Multiply 5419 
By 5 




AnRwer 1984 




• 


Answer 27095 


(8) 
4) 

6 


Moltiply 60817 

582614 

„ 7149782 

„ 4165481 


Bj 

t> 
>> 


' 4 

9 

11 

10 

1 




Answers. 
241268 

4798526 
78647052 
41654810 



Case H.— WHEN THE MULTIPLIES IS MORE THAN 12. 

Example. — Multiply 542 by 471. 

Multiplicand 542 
Multiplier 471 



542 
8794 
2168 



Product 255282 



Multiply the multiplicand by 1, next multiply it by 7, and arrange the 
product as in the solutioui finally multiply it by 4 and arrange the pro- 
duct as in the solution. Add all the partial products together, their 
sum is the total product. 



No, 


Multiply 


EXERCISES. 

By 


Answer. 


1 

• 2 

8 


9176479 
87648297 
47829007 


22 

46 
541 


201882588 

4081591662 

25604992787 


4 
5 
6 


82164070 

179648215 

8004900 


4001 

8294 

10040 


128688444070 

591744750210 

80169196000 



& 
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SIMPLE DIVISION. 

Simple Division is a short method of finding how often one whole 
numher can be subtracted from another. The number from which the 
other has to be subtracted is called the dividend ; the number which has 
to be subtracted is called the divisor, and the number which shews how 
many subtractions there have been is called the quotient. 

Case I.— WHfiN THE DIVISOR IS LESS THAN 13. 

. Example. — ^Divide 19 by 6. 

Solution. 
Divisor 6)19 Dividend. 



Quotient 8^ 

Look along the upper line in the multiplication table for the divisor, 
6, then look in the column under 6 for the dividend 19, if it be not in the 
column take out the next less number, 18 ; then look along the line in 
which 18 is to the left hand, and in the first column there is the number 
8, set down 8 in the quotient, subtract 18 from 19, the remainder is 1, put 
1 down in the quotient, draw a line under it and put the divisor 6 under 
the line, these last two figures complete the quotient ; and they will be 
fully explained when we come to treat of fractions. 

The pupil may subtract 6 from 19 as often as he can ; 19 

after 8 subtractions there remains 1, and the process is at 6 

au end ; this agrees with the solution. — 

18 
6 

7 
6 



No. 


Divide 


EXERCISES. 
By 


Answer. 


1 
2 
8 


697 
6489 
7680 


8 

4 
6 


282J 
1859J 
1626 


4 
5 
6 


1974821 
6000482 
6978216 


9 

7 

10 


219869 

714847^^ 

697821A 



A composite number is composed of the product of other two or more 
numbers, which are called factors of the composite number. 
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Cask n.— WHEN THE DIVISOR IS A COMPOSITE NUMBER. 
Example.— Divide 126 by 42. 

Solution. 



r 7)126 



42- 

l 6)18 

8 Answer. 

The number 42. is composed of the factors 7 and 6. Divide 126 by 7, 
the quotient is 18 ; again, divide 18 by 6 the quotient is 8, which is the 
quotient of 126, divided by 42. 



No. 


Divide 


EXERCISES. 
By 


Answer. 


1 
2 
8 


84474 

764400 

10000000 


18 

21 

5000 


4698 

86400 

2000 


4 
6 
6 


8528 
1728 
7854 


72 

144 

42 


49 
12 

187 



Case HI.— WHEN THE DIVISOR IS NOT A COMPOSITE NUMBER 

AND is GREATER THAN 12. 

Example.— Divide 5468 by 17. 

Solution. 

17)6468(321^ Answer. 
51 



86 
84 

28 
17 



6 



Take the first two figures of the dividend, 54, as a dividend, then 17 
is contained 8 times in 54 with a remainder 8, set 8 in the quotient. 
Bring the next figure, 6, of the dividend down, and take 86 as a dividend, 
then 17 is contained 2 times in 86 with a remainder 2, set 2 down in 
the quotient. Again, bring the next figure, 8, down, then 17 is con- 
tained 1 time in 28 with a remainder 6, set 1 down in the quotient, and 
the remainder 6, with 17 under it, as in the answer. 



8 
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No. 



Divide 



EXERCISES. 
• By 



Answer. 



1 
2 
8 



4 
6 
6 



694825 

7496274 

' 63974216 



748001400 
19400079 
67200046 



874 

4698 

87694 



648216 

86400 

12464987 



1866iH 



1867«4iH 
632MiM 



BEDUCTION. 

Reduction is the method of bringing quantities of one denomination to 
another of eqnal value. 

' MONEY. 

4 farthings = 1 penny. 
12 pence = 1 shilling. 
20 shillings = 1 pound. 

Example 1. — ^Reduce £14 17s. B^d. to farthings. 

£ s. d. 
14 17 8i 
20 



297 shillings. 
12 



8672 pence. 
4 



Answer. 14289 farthings. 

Then, 20 shillings = 1 pound ; multiply the pounds, 14, by 20, and 
add the odd shillings, 17, the result is the shillings. Again, 12 pence 
= 1 shilling ; multiply the shillings, 297, by 12, and add the odd pence, 
8, the result is the pence. Finally, 4 farthings = 1 penny ; multiply 
the pence, 8572, by 4, and add the odd farthing, 1, the result is the 
answer. 

Example 2. — Reduce 14289 farthings to pounds. 

4)14289 

12)8572 i 



2,0)29,7 8i 



£14 17 8i Answer. 
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• 

Divide the farthings by 4, the quotient is the pence with a remainder 
of 1 farthing, which express as in the quotient. Next, divide the pence 
by 12, the. quotient is the shillings with a remainder of 8 pence. Finally, 
divide the shillings by 20, the quotient is the pounds with the remainder 
17 shillings. Airange the quotient as in the solution. 

EXERCISES. 

1 Beduce £14: 18s. 7d. to pence. Answer. 8528d. 

2 Beduce £97 16s. 9d. to pence. Answer. 28481d. 
8 Beduce £851 18s. O^d. to farthings. Answer. 887587q. 

4 Beduce 8775 sixpences to pounds. Answer. £94 7s. 6d. 

5 Beduce 821774 farthings to pounds. Answer. £856 Os. 8^* 

6 Beduce 42147 half-pence to pounds. Answer. £87 16s. l^d. 



AVOIRDUPOIS WEIGHT. 




Abbreviations. 


16 drams -= 


1 ounce. oz. 


16 ounces = 


1 pound. lb. 


28 pounds -= 


1 quarter. qr. 


4 quarters = 


1 hundredweight = 112 lbs. cwt. 


20 hundredweights = 


1 ton - 2240 lbs. 



Example 1. — Beduce 7 tons 4 cwts. 8 qrs. 14 lbs. to lbs. 

tons cwts. qrs. lbs. 
7 4 8 14 
20 



144 
4 

679 

. 28 

4646 
1168 . 

16226 lbs. Answer. 



Example 2. — Beduce 16427 lbs. to tons. 

1 ton == 2240)16427(7 tons 6 cwts. 2 qrs. 19 lbs. Answer. 

15680 



1 cwt. = 112)747(6 

672 



1 qr. = 28)76(2 

66 

19 
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EXERCISES. 

Answers. 

1 Reduce 19 tons cwts. 2 qrs. 7 lbs. to lbs. 42623 lbs. 

2 Redace 17 tons 14 cwts. 8 qrs. 21 lbs. to lbs. 89753 „ 
8 Redace 11 tons 5 cwts. 1 qr. lbs. to lbs. 25228 „ 

4 Redace 74169 lbs. to tons 83 tons 2 cwts. qrs. 25 lbs. 

5 Redace 21572 lbs. to tons 9 „ 12 „ 2 „ 12 „ 

6 Reduce 18786 lbs. to tons 8 „ 7 „ 1 „ 4 „ 



LONG, OR LINEAL MEASURE. 

12 inches = 1 foot. 

8 feet — 1 yard. 

1760 yards = 1* geographical mile. 

6280 feet = 1 mile. 

6080 feet = 1 knot ; or nautical mile. 

Example 1. — Reduce 19 feet 6 inches to inches. 

ft. in. 
19 6 
12 



284 inches. Answer. 



Example 2. — ^Reduce 157 inches to feet. 

12)157 



ft. 18 1 inch. Answer. 



SQUARE, OR SUPERFICIAL MEASURE. 

144 square inches = 1 square foot. 
9 square feet = 1 square yard. 

Example 1. — Reduce 10 square feet 14 square inches to inches. 

10 • 
144 



1440 
14 



1454 sq. inches. Answer. 
Example 2. — Reduce 1794 square inches to square feet. 
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144)1794(12 sq. ft. 66 sq. in. Answer. 
144 



854 

288 

66 



SOLID MEASURE. 

1728 cubic inches = 1 cubic foot. 
27 cubic feet =* 1 cubic yard. 

Example. — Eeduce 52649 cubic inches to cubic feet. 

1728)52649(80 ft. 809 in. Answer. 
5184 



809 



Example 2.— Beduce 27 cubic feet 47 cubic inches to inches. 

1728 
27 



12096 
8456 
47 



46708 inches. Answer. 



MEASURE OP CAPACITY. 

4 gills =F 1 pint pt. 
2 pints = 1 quart qt. 
4 quarts =■ 1 gallon gal. 

Example 1. — ^Beduce 14 gals. 8 qts. 1 pt. 8 gills to gills. 



12 SXAKIHATIONB OF ENOIMEBBS. 



gal. 


qt. 


pt. 


giU 


14 


8 


1 


8 


4 








69 








2 









119 

4 



479 gills. Answer. 



Example 2. — Eedace 542 gills to gallons. 

4)642 • 

2)185 2 



4)67 1 2 



16 gal. 8 qt. 1 pt. 2 gill. Answer. 



COMPOUND APDITION. 

£ s. d. 

52 16 7i 

14 12 OJ 

21 6 7i 



Answer. 88 16 Si 



The sum of the column of farthings is 6, divide 6 by the farthings in 
a penny, that is by 4, the quotient is 1 with a remainder of two farthings, 
that is i a penny, put i down. Then, carry 1 to the column of pence ; 
the sum of this column is 15, divide by 12, the pence in 1 shilling, the 
quotient is one with a remainder of 8 pence, put 8 down. Next, carry 
1 to the shillings, the sum is 85, which divide by 20, the quotient is 1 
with a remainder of 15, put 15 down. Finally, carry 1 to the pounds, 
and proceed as in simple addition. 



EXERCISES. 

£ s. d. tons cwts. qrs. lbs. d. h. min. sec. 

(1) 29 14 8i (2) 42 11 1 14 (8) 14 12 82 15 

17 12 2i 17 12 2 19 15 10 17 42 

8 6 7i 27 15 8 27 5 21 6 18 



55 18 li 88 4 85 19 56 15 
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COMPOUND SUBTRACTION. 



Example. £ 8. d. 

From 27 18 4i 
Take 18 14 ,6} 



Answer 8 18 9^ 



8 farthings cannot be taken from 1 farthing, borrow 4 farthings, which 
is eqnal to 1 penny, the snm of 1 and 4 is 5, from which take 8, the 
remainder is 2, or 2 farthings, which are eqnal to 1 half-penny, the 
remainder ; pnt down i. Then carry 1 penny to the 6 pence, the sum 
is 7 pence, which cannot be taken from 4 pence, borrow 12 pence, which 
is equal to 1 shilling, the snm of 4 and 12 is 16, from which take 7, the 
remainder is 9, pnt 9 down. Next, carry 1 shilling to the 14 shillings, 
the snm is 15 shillings, add 20 to 13, the snm* is 83, from which take 
15, the remainder is 18, put it down. Finally, add 1 pound to the 18 
pounds, and proceed as in simple subtraction. 

EXERCISES. 

(1) tons cwts. qrs. lbs. (2) d, h. min. sec. 
240 17 1 21 21 14 27 16 

118 18 ^ 29 17 21 82 41 



121 18 2 20 Answer. 8 16 54 85 Answer. 



COMPOUND MUTIPLICATION. 

Example 1.— Multiply £18 15s. 5}d. by 5. 

£ s. d. 

13 15 5J 

5 



68 17 4} 



Multiply 8 by 5, the product is 15, which divide by 4 ihe result is 8 
and 8 over, put f down. Again, multiply 5 by 5 and add 8, the result 
is 28, which divide by 12, the result is 2 aijd 4 over, put 4 down. 
Again, multiply 15 by 5 and add 2, the result is 77, which divide by 20, 
the result is 3 and 17 over, put 17 down. Finally, paultiply 13 by 6 
and add 8, the result is 68, which put down. 

Example 2.— Multiply £17 14s. 2id. by 84. 



14 



EXAMIKATIONS OF ENGIMB£BS. 



^ 8. d. 



84 = 8 X 4 + 2 



17 14 


2i X 2 

8 


141 18 


8 
4 


566 14 
85 8 


8 
5 


602 8 


1 AnR^ 



Example 8.— Multiply £12 lis. lO^d. by 6847. 

6847 = 6000 X 800 x .40 x 7 

6000 ^ 10 X 10 X 10 X 6 

800 =- 10 X 10 X 8 

40 = 10 X 4 

£ s. d. 
12 11 lOi X 7 
10 



125 


18 


6i X 4 
10 


1259 


5 


5x8 
10 


12592 14 


2 

6 


75556 5 

8777 16 

503 14 

88 2 



3 
2 


79925 


18 


4} 



EXEECISES. 



1 Multiply £0 8s. lid. by 101 Answer. 

2 „ £0 lis. Hid. by 114 
8 „ £31 7s. 6id. by 138 

4 „ 17 tons 14 cwt. 2 qrs. 19 lbs. by 6 

5 „ 10 cwt. 2 qrs. 17 lbs. by 18 

6 „ 7 gals. qt. 1 pt. by 47 



£ 


8. 


d. 


45 





7 


68 


8 


8 


4330 





9 



106 tons 8 cwt. qr. 2 lbs. 

9 tons 11 cwt. 2 qr. 26 lbs. 

834 gals. 8 qts. 1 pt. 
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COMPOUND DIVISION. 

SHOET DIVISION. 

Example 1.— Divide £42 17s. 4id. by 8. 

£ 8. d. 
8)42 17 4i 

6 7 2^ Answer. 

Divide 42 by 8, the qnotient is 6 with a remainder 2, put down 5. 
Again, multiply 20 by 2 and add 17, the result is 57, which divide by 8, 
the quotient is 7 with a remainder 1, put down 7. Again, multiply 
12 by 1 and add 4, the result is 16, which divide by 8, the quotient is 
2, put it down. Finally, multiply the lower figure of i by 8 and put 
down ^y. 

LONG DIVISION. 

Example 2.— Divide 4729 16s. 4}d. by 101. 

£ B. d. £ 8. d. qr. 
101)729 16 4}(7 4 6^ Answer. 
707 



22 
20 



101)466(4 
404 



52 
12 



101)628(6 
606 



22 

4 



729 contains 101, 7 times, with a remainder 22, put 7 down. Again, 
multiply 22 by 20 and add 16, the result is 456, which contains 101, 4. 
times, with a remainder 52, put 4 down. Again, multiply 52 by 12 
and add 4, the result is 628, which contains 101, 6 times, with a re- 
mainder 22, put 6 down. Finally, multiply 22 by 4 and add 8, the 
result is 91, which is le^s than 101, draw a line under the 91 and put 
101 under the line. 

EXERCISES. 
£ s. d. £ 8. d. 

1 Divide 6 10 7i by 19 Answers. 6 lOi 

2 Divide 48 14 10 by 29 1 10 2 
8 Divide 88 10 6 by 67 11 6 

4 Divide 5 cwt. 1 qr. 27 lbs by 8 1 cwt, 8 qrs. 9 lbs. 

5 Divide 21 tons 12 cwt. 2 qrs. by 5 4 tons 6 cwt. 2 qrs. 

6 Divide 749 gals. 2 qts. 1 pt. 2 gills by 10 74 gals. 8 qts. 1 pt. 8 gills. 
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VULGAR FRACTIONS. 

A Vulgar Fraction is one or more parts of a whole namber, and it 
is expressed by a number above a line and another below it ; thas f. 
The number below the line is called the denominator, and that above is 
called the nutnerator. The denominator shews how many parts the 
whole number is divided into, and the numerator shews how many of 
those parts are taken. A proper fraction has its numerator less than 
its denominator. An improper fraction has its numerator equal to, or 
greater than its denominator. 



REDUCTION OP FRACTIONS. 

TO &EDUCE FRACTIONS TO LESS TERMS. 

Example. — Reduce f^ to less terms. 

Divide both terms of the fraction to any number that will divide them 
without a remainder ; as follows : — 

**« = §* = * = * Answer. 

Here 10 will divide both 240 and 860 without a remainder ; 6 will 
divide 24 and 86 ; and 2 will divide 4 and 6 ; but there is no number 
except 1 that will divide 2 and 3. In this case f are the least terms of 
the fraction f^. 

TO REDUCE FRACTIONS TO A COMMON DENOMINATOR. 

Example. — Reduce f and i to a common denominator. 

f and i = ft and fj. 

Multiply each of the terms of the fraction ^ by 4 and they become ff • 
Again, multiply e&ch of the terms of the fraction f by 9 and they 
become f^. 



IMPROPER FRACTIONS. 

Example 1. — ^Reduce {^ to a mixed number. 

19)74(8iJ Answer. 
67 

17 



Divide 74 by 19, the quotient is 8 with a remainder 17 ; draw a line 
under 17 and put 19 under the line, as in the solution. 
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17 



EXERCISES. 



No. 
1 

2 

8 

4 

6 

6 



Reduce 



w 

V 
V 

118 
V 

V 



to a mixed nnmber 



Aaswers. 

m 

8 

102H 
18 

19J 

12 



Example 2. — Reduce the mixed number 4$ to a simple fraction. 

4J Y Answer. 

9 

42 

iialtiply 4 by 9 and add 6, the resalt is 42, draw a line under 42 and 
pnt 9 under the line. 

Example 8. — Reduce the whole number 6 to the form of a vulgar 
fraation. 

f Answer. 

iDraw a line under 6 and put 1 under the line. 

EXERCISES. 
No. Answers. 

1 Reduce 6^ to a simple fraction ^ 



2 


7 


i 


8 


17} 


V 


4 


.. 174A 


»«» 


6 


» 16A 


w 


C 

• 


» ma 


"1*° 



ADDITION OF VULGAR FRACTIONS. 

Example 1. — ^Add ^, ^ and f together. 

1 Sum = \p = IJ Answer. 

7 

8 

16 

• 

The fractions have the common denominator 9, add the numerators 

together, their sum is 16, draw a line under the 16 and put 9 under the 

line ; divide 16 by 9 the quotient is 1, with a remainder 7, put 7 down, 

draw a line under it, and put 9 under the line. 



Example 2. — ^Find the sum of }, ^ and f . 



8 
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Reduce the fractions to their least common denominator 24, hy divid- 
ing 24 by 4, 6, and 8, respectively; the quotients are 6, 4, and 8, 
respectively. Multiply the terms of the first fraction by 6, those of 
the second by 4, and those of the third by 8 ; the resulting fractions are 
Hf a and f^ ; and their sum is ff ~ ^H^- Answer. 

EXERCISES. 

No. Add. Answers. 

1 f f f V = If 



SUBTRACTlbN OF VULGAR FRACTIONS. 

Example 1. — ^Find the difference between f and ^. Answer {. 

8 
1 



The fractions have the common denominator 9, 1 taken from 8 leaves 
7i put 7 down, draw a line under it, and put 9 below the line. 

Example 2. — ^Find the difiference between f and ^. 

Reduce the fractions to equivalent fractions, having the least common 
denominator 68, by multiplying the terms of the first fraction by 7, and 
those of the second by 9, the resulting fractions are |4 and |^, take 86 
from 56 the remainder is 20, draw a line under 20, and put 68 under 
the line ; the answer is f§, 



1. 


EXF,RCII3ES. 

A - * 


AnRwers. 


2. 


i — i 


i 


8. 


A - * 


A 


4. 


H - i 


^ 


5. 


i - * 


M 


6. 


^F - i 


*§ 



MULTIPLICATION OF VULGAR FRACTIONS. 

Example. 
1 
8 6 1x6 6 

4 e 4x2 8 

2 
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The nnmber 8 will divide both the numerator 8 and the denominator 
6, without a remainder, the qaotients are respectively 1 and 2. Arrange 
the solution as in the example, and the answer is f . Or, multiply the 
numerators, 8 and 6, together, and the denominators, 4 and 6, together, 
the resulting fraction is ^, which, when reduced to its least terms, 
becomes f . 

EXERCISES. 



1 ixjxf 


Answers. ^ 


2 4x| 


« 


8 jxA 


*S 


4 AxA 


A 


5 AxA- 


sVV 


6 ixfxix 


:fxfxixfx^ iS 


DIVISION OF VULGAR Jj'JtlACTIONS. 


Example. — f-f-} = 


■ f X f = f Answer. 


Invert the divisor f and it becomes f , then multiply f by |. 




EXERCISES. 


1 t-f 


Answers. $f 


2 V- 


5-H 


8A 


8 H-' 


^t 


IH 


4 H-i 


r% 


2*f 


6 H- 


^H 


^ 


6 m 


• 2 7 


m 



TO REDUCE QUANTITIES OF ONE KIND TO THE FRACTION 

OF ANOTHER KIND. 
Example. — ^Reduce lis. 23d. to the fraction of a pound. 
s. d. dS s. d. 



11 

12 


2i 


10 
20 


£^i% Answer. 


184 
4 




20 
12 




589 




240 
4 

960 





Farthing^ is the lowest denomination in the first quantity, reduce both 
quantities to farthings, and take the first as the numerator and the second 
as the denominator of the required fraction. 



ao 
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• 


EXERCISES. 






No. 




s. d. 




Answers. 


1 


Bednce 


17 4 to the fraction of £1 


m 


2 




4 7i 


99 


£^ 


8 




9i 


a shilling 


H 


4 




2qr8. 14 lbs. „ 


cwt. 


fcwt. 


5 




2 qrs. 18 lbs. „ 


cwt. 


^cwL 


6 




8 qrs. 17 J lbs. „ 


cwt. 


m^t. 



TO FIND THE VALUE OF SIMPLE FRACTIONS. 

Example. — ^Find the value of J6f . 

By long division. By short division. 

8)7 



17s. 6d. Answer* 



7 £ 
20 

8)140(17s. 6d. Answer. 

8 

60 
56 

4 
12 

8)48(6 
48 

Long division. Multiply 7 by 20, the product is 140, which divide 
by 8, the quotient is 17 with a remainder 4. Multiply 4 by 12 the 
product is 48, which contains 8, 6 times ; hence the answer is 17s. 6d. 
Short division. Go through the preceding process mentally. 



No. 
1 

2 

8 

4 

5 

6 



Find the value 



EXERCISES. 

is. 

A day 
M cwt. 
' f hour 



Answers. 
13s. 4d. 

Os. 9d. 

17s. lid. f qr. 

19 h. 88 m. lOJJs. 

8 qrs. 11 Jl lbs. 

25 m. 42^s. - 



COMPLEX FRACTIONS. 

Example 1. — Reduce ^ to a simple fraction. 



i = iX^ = ^V Answer. 
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21 



Example 2. — ^Bednce 8 to a simple fraction. 



m 

8 8x4 



i^ Answer. 



m 



41 



Example 8. — ^Reduce 2^ to a simple fraction. 



2* 



4i 



J 7 4 = If Answer. 

4J V 3 19 

Reduce the terms of the complex fraction to the form of the simple 
fractions, then multiply the numerator of the complex fraction by its 
denominator inverted. 







EXERCISES. 


No, 








1 


Reduce 


8i 










to a 1 






4i 




2 


>> 


4 

HA 




8 


99 


18| 
19 




4 


>9 


74i 
i 




5 


>> 


A 

88i 




6 


»» 


6^ 
14* 





Answers. 



5 



»> 



>9 



f) 



)» 



n 



« 



Hi 



5886 



flTio 



DECIMAL FRACTIONS. 

Decimal Fractions, or shortly Decimals, are fractions in which the 
numerator alone is expressed, the denominator being understood to be 
always 1 with as many ciphers annexed as there are figures, either 
ciphers or integers, in the numerator. 
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NOTATION OF DECIMALS. 

Decimals are distinguished from whole nnmbers by a point to the left 
of them ; thns *5 is the decimal notation for 3^, *04 for ^^^ and 64*72 
for 64^. 



ADDITION OF DECIMALS. 

RULES. 

1. Place the decimal points in a line one above another, and the 
whole numbers and decimals in order, as in the examples, then proceed 
as in addition of whole numbers. 

2. Place the decimal point in the sum exactly below the others. 

Example 1.— Add 2*04, 7*258, and 6.9 together. 

2*04 

7*258 

6*9 



Answer 16*198 



Example 2.— Add -0007, 246*5, 42*82 together. 

*0007 
246*5 
42-82 



Answer 288*8207 



SUBTEACTION OF DECIMALS. 

RULE. 

Place the lesser number under the greater, set the decimal points as 
in addition of decimals, then subtract as in whole numbers and place the 
decimal point in the remainder exactly under the others. 

Example 1.— Subtract 7*06 from 12*22. 

12*22 
7*06 



Answer 5*16 



Example 2.— Subtract -006 from 18*042. 
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18-042 
•006 



Answer 18-087 



MULTIPLICATION OP DECIMALS. 

RULES. 

1. — ^Multiply as in whole numbers. 

2. — ^To place the decimal point, count from the right hand of the 
product as many figures as there are places of decimals in both multi- 
plicand and multiplier. If there be not as many figures in the product, 
supply the defect by ciphers on the left hand. 

Example 1.— Multiply 7-42 by 8-19. 

7-42 
8-19 



6678 

742 

2226 • 

28*6698 Answer. 



Example 2.— Multiply '07 by '008. 

•07 
•008 



00021 Answer. 



DIVISION OF DECIMALS. 

RULE. 

Divide as in whole numbers ; and to place the decimal point, consider 
that the number of decimals in the dividend must always be equal to the 
number of those in both divisor and quotient added together. 

Example 1.— Divide -763 by 742. 

74-2)-768(-010288 Answer. 
7421 

2100 
1484 

6160 
5986 

2240 
2226 

14 ^ 



24 
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The whole nnmber 768 contains the whole nnmber 742, 1 tiiiie, with a 
remainder 21 ; now there are 8 decimals in '768 bnt only 1 in 74*2, 
prefix a decimal point and a cipher to the 1 in the quotient, then there 
will be 8 decimals in the divisor and quotient together, which is the 
number of decimals in the dividend. 

Example 2.— Divide 216 by -000074. 

•000074)216-000000(2918918-918 
148 



680 
666 



140 

74 

660 
692 

680 
666 



140 

74 



660 
592 

680 
666 



140 

74 



660 
592 

68 



Place a decimal point after 216, and affix 6 ciphers, then divide till all 
the ciphers are exhausted, place a decimal point after the quotient and 
proceed, as in the solution, to as many decimal places in the quotient as 
may be required. 

No. EXERCISES. 

1 Divide 6-74 

2 „ -496 
8 „ 7-6 

4 „ 7-23 

5 „ ^024 

6 „ 29-6 

+ After an answer denotes that the quotient may be carried to a 
greater number of decimal places. 



3. 




Answers. 


^y 


2-84 


2-8803+ 




•278 


1^784 + 




•784 


10-854+ 




4-06 


1-7807+ 




•001 

• 


24 




10 


2-96 
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TO REDUCE A VULGAR FRACTION TO A 

DECIMAL. 

Example. — Eednce f to a decimal. 

70 

— = '875 Answer. 
8 

Place a decimal point after the 7, and affix a cipher, then divide the 
70 by 8, the quotient is 8 with a remainder 6 ; place a decimal point 
before the 8. 

Next, affix a cipher, mentally, to the 6 and divide as before. Proceed 
thus as far as may be necessary. 

EXERCISES. 

.Reduce^; %; |; i; J; ^; ^; ^; ^; ^5 H'» H^^^^ 
^ respectively to a decimal. 

Answers -126; -875; -625; -25; -75; -0625; -1875; 8126; -4875; 
•5625 ; -6875 ; -8125 ; -9875. 

Note. — 16 = 4x4; hence when dividing 16 it is convenient to 
divide by 4 and by 4 again. 



TO FIND THE VALUE OF A FRACTION. 

Example 1. — ^Find the value of £-75. 

•75 £ 

20 8. - £1 



15*00 s. Answer 15s. 



Example 2. — ^Find the value of 4'74909 tons. 

4-74909 tons 

20 cwts — 1 ton 



14-98180 cwts 

4 qrs ~ 


= 1 cwt 


8-9272 lbs 

28 lbs -■ 


- 1 qr 


74176 
18544 




25-9616 lbs. 





Answer 4 tons 14 cwts 8 qrs 26*9616 lbs. 

4 



V 



26 EXABfINAT;0N8 OF BNOINBBB8. 

PROPORTION. 

The Ratio of two quantities is the number of times that one contains the 
other ; thus 6 contains 2, 8 times ; hence 8 is the ratio of 6 to 2 ; and it 
is expressed thus 6 : 2 = 8 ; or thus ^ = d. 

A Proportion consists of two equal ratios. Thus 6:2 — 8, and 
18 : 6 = 8, are two equal ratios ; and expressed as follows they 
form a proportion. 

6 18 

6:2 : : 18 : 6 or — ^ — 

2 6 

The first form is read — As 6 is to 2 so is 18 to 6. 

Example 1. — ^If 7 cwts cost £21, how much will 5 cwts cost ? 

cwts. cwts. £ 

7 : 6 : : 21 

5 



7)106 



£15 Answer. 
Example 2. — ^If 18 yards cost 16s. what is the cost of 89 yards ? 



yds. 


yds. 


s. 


18 


: 89 : 
16 


: 16 



284 
89 



18)624(48s. Answer. 
52 



104 
104 



In the first example two of the given quantities are of the same kind ; 
namely cwts., and these must be the first and second terms of the pro- 
portion. Now 7 cwts. will cost more than 5 cwts., put 7 the first term, 
6 the second, and the remaining quantity £21 the third. Multiply the 
second and the third terms together, and divide by the first, the quotient 
is the answer, and it is of the same name as the third term. In the 
second example 18 yards will cost less than 89 yards, and therefore 18 
must be put the first term, 39 the second, and 16 the third. 

EXEBCISES. 

1. A person spends £2 16s. 8d. per week ; how much is that per 
annum ? Answer Jei47 6s. 8d. 
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2. If 24 yards costs £S 14s. 7d. ; how mach is that per yard ? 
Answer Ss. Id. i + ^. 

8. A ship was provisioned for a crew of 40 men for 8 months ; how 
long would these provisions last if the crew were reduced to 82 men ? 
Answer .8f months. 

4. How much silver will £85 Is. buy at 5s. 2d. per ounce ? Note : 
12 oz. = 1 lb. Answer 27 lb. 

5. If 42 men can perform a piece of work in 86 days, how many men 
will it take to finish it in 6 days ? Answer 252 men. 

G. How many cwts. of beef may be bought for £42 10s., when 14 
lbs. cost 7s. Id. ? Answer 15 cwts. 



COMPOUND PROPOBTION. 

Example 1. — If 14 horses eat 56 bushels of oats in 16 days ; how 
many bushels will be required for 20 horses for 24 days ? 



14 horses : 20 horses : 
16 days : 24 days : 


: 56 bushels. 

• 
• 


84 
14 


480 
56 




224 


2880 
2400 


• 




224)26880(120 buHhels. 
224 


Answer. 




448 
448 









Form two proportions as follows : in both proportions bushels are 
wanted, hence 56 must be the third term. Again, in the first proportion, 
20 horses will, in the same time, eat more oats thou 14 horses will ; 
hence 20 must be the second term, and 14 the first. Again, in the 
second proportion, more oats will be eaten in 24 days than there will in 
16 days ; hence 24 must be the second term, and 16 the first. Then 
proceed as in the solution. 

Note. — By proceeding as in proportion the answer to the first of the 
two preceding proportions will be 80 bushels, and by making 80 the third 
term in the second proportion, the answer will be 120 bushels, the 
same as above. 



28 EXAMINATIONS O? ENSINEBIie. 

EXERCISES. 

1. If 454 tons of Welsh coal in the bankers be sufficient for a voyage 
cf 2900 miles, and Lancashire coal be for space in the proportion of 46 
to 40, and inferior in quality as 8*7 to 10'7 ; what distance will the 
bonkers carry her if filled with Lancashire coal ? 2060*89 miles. 
Answer. 

2. If 100 make 8 miles of road in 27 days ; in how many days will 
160 men make 5 miles ? 80 days. Answer. 



Example.— 173 at 2b. ( 



A "3 



6 i 17 
It ' 


6 
6 

7 
8 



6 

2i 
7i 




£22 


8 


m 


Answer 



28. = ^ of £1 ; 6d. = 1 of 2a. ; id. = Jij of 6d. ; and iq. = i of id. 
Arrange as in the solution, divide by short division, and add the several 
quotients. 



872 
714 



INTEREST, DISCOUNT. 
Example 1. — What is the simple interest of £214 15s. 6d. at 5 per 





d. 


£ B. d. 


1 


8 


Answer 51 8 4 


K 


8 


55 6 8 





U 


5 9 





0+ 


14 lOi 


1 


n 


16 2 5 


1 


H 


58 3J 



cent, per annum ? 



Answer 10 14 0'3 



1,00)10,73 17 



£s!1mination8 of enoimeebs. 



29 



Example 2.— What is the discount on a bill of £142 15s. lOd. at 7i 
per cent. 



£ s. d. 
2)142 15 10 
7k 




999 10 10 
71 7 11 




1,00)10,70 18 9 

10-70 Answer JglO 14s. 
20 


2*25d. 


14-18 
12 




2*25 





INVOLUTION. 



Example 1. 9^ 



9 
9 



• 



81 Answer. 



Example 2. 4^ 



4 
4 



16 
4 

64 Answer. 



Example 8. 5^ 



5 
5 



25 
5 



125 
5 



625 Answer. 



80 KXAMIMATI0N8 OF XHGINSkIb. 

EVOLUTION. 



Example 1. ^/ 256. 



SQUARE ROOT. 



256(16 Answer. 
1 



26)156 
156 



Example 2. V 297-5625. 



297-5625(17-25 Answer. 
1 



27)197 
189 



842)856 
684 



3445)17226 
17125 



In the 2nd example ; begin at the decimal point and point off two 
figures each way. The square of 1 is 1 which is not greater than the 
first one or two figures as the case may be ; in this question it is not 
greater than 2 ; put 1 down for the first figure in the square root, and 
its square under 2, as in the solution. Subtract 1 from 2, ajld to the 
remainder 1 annex the two figures 97, the sum is 197 ; to find the divisor, 
double the quotient figure 1, the sum is 2, to 2 annex 7, multiply 27 by 7, 
the product is 189 which is less than 197. Again, subtract 189 from 
197 and to the remainder 8, bring down the next two ffgures, 56, add 
the last quotient figure 7 to the divisor 27, the sum is 84, to which 
annex 2, and the new divisor becomes 842 ; multiply 842 by 2 and 'the 
product is 684. Again, subtract 684 from 856, the remainder is 172, 
to which bring down the next two figures 25, add the last quotient 
figure 2 to the divisor 842, the sum is 844 to which annex 5, and the 
new divisor becomes 8446 ; multiply 8446 by 6. Thus the square roofc 
of the given number is found to be 17 '26. 

Example 8. — Find the square root of 4111*8744. 

4111-8744(64.12 Answer. 
36 



124)511 
496 



1281)1637 
1281 



12822)25644 
25644 
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The square of 7 is 49, which is greater than the first two figures 41 ; 
but the square of 6 is 86, which Is less than 41. 

EXERCISES. 
No. Answer. 

1 Find the square root of 7690-417129 87-128 

2 „ 67897-0186 260-57+ 
8 „ 12845-729 111-11 + 

4 „ 718-67213 26-80806+ 

5 „ 5078-23 71-2617+ 

6 „ 12- 3-464+ 

Note, f- After an answer denotes that the answer may be carried 

farther by annexing ciphers. Questions 4th and 5th have a point above 
the last figure ; in case it be necessary to carry the answer farther re- 
peat the last figure as often as may be required. 



EXTKACTION OF THE CUBE ROOT. 

Example 1. — ^Extract the cube root of 76765-625. 

76765-525(42-5 Answer. 
64 



5044)12765 
10088 



585525)2677625 
2677626 



TO FIND THE FIRST FIGURE IN THE ANSWER. 

4 

.4 

16 

4 

64 

TO FIND THE FIRST DIVISOR. 

4 4 2 

4 2 2 



16 


8 


300 


80 


4800 


240 


240 




4 




5044 
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496B 
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9012; 



PAET II. 



EXAMINATIONS OF ENGINEERS 

FOR CERTIFICATES OF COIPETENCT, 

Under the Merchant Shipping Acts Amendment Act^ 1862. 



1. Applicants for examination mnst give their names to the Local 
Marine Board, if the place where they intend to he examined is a port 
where the?e is a Local Marine Board, on or before the day of examina- 
tion (except in the case of London"**^ and Liverpool), and mnst conform 
to any regulations in this respect which may be laid down by the Local 
Marine Board ; and if this be not done, delay may be occasioned. 

2. Testimonials of character, and of sobriety, experience, ability, and 
good conduct on board ship will be required of all applicants, and with- 
out producing them no person will bo examined. As such testimonials 
may have to be forwarded to the office of the Begistrar-General of Sea- 
men in London for verification before any certificates can be granted, it 
is desirable that candidates should lodge them as early as possible. The 
testimonials of servitude of Foreigners and of British Seamen serving in 
foreign vessels, whiah cannot be verified by the Begistrar-General of 
Seamen, must be confirmed either by the Consul of the country to which 
the ship in which the candidates served belonged, or by some other re- 
cognised official authority of that country, or by the testimony of some 
credible person on the spot having personal knowledge of the facts required 
to be established. Upon application to the Superintendent of the 
Mercantile Marine Office, candQdates will be supplied with a form, which 
they vrill be required to fill up and lodge with their testimonials in the 
hands of the Examiners. 

8. The examinations 'will commence early in the forenoon on the 
days mentioned in the Table appended hereto, and will be continued 
from day to day until all the candidates whose names appear upon the 
Superintendent's list on the day of examination are examined. 

*At LondoD, on Fridays from 10 till 4 ; and Saturdays from 10 till 3. At Liyer- 
pool, on Toesdays, Wednesdays, Thnrdsays, and Saturdays during Office hours. 



2 BXAimCATIONS OF ENdlNBEBS. 

QUAIIFICATIOHS FOR CERTIFICATES OF COIPETEHCT. 

4. Second- GLASS Enoineeb. — A candidate for a Second-class 
Engineer's Certificate mast be 21 years of age. 

(a.) He mast have served an apprenticeship to an Engineer, or prove 
that for not less than three years he has been employed in 
some factory or workshop on the making or repairing of 
engines ; and mast also have actually served one year at sea 
in the Engine Boom ; or 

(6.) He mast have served at least foar years at sea in the Engine 
Boom. 

(c.) He mast be able to give a description of boilers, and the methods 
of staying them, together with the ase and management of the 
dififerent valves, cocks, pipes, and connections. 

{d,) He mast understand how to correct defects from accident, decay, 
&c., and the means of repairing sach defects. 

(e.) He mast understand the ase of the barometer, thermometer, 
hydrometer, and salinometer. 

(/.) He mast state the caases, effects, and asaal remedies for incras- 
tation and corrosion. 

'(ff,) He mast be able to state how a temporary or permanent repair 
coald be effected in case of derangement of a part of the 
machinery, or total break down. ^ 

(A.) He mast write a legible hand, and anderstand the first five rales 
of arithmetic, and deciiHals. 

(i.) He mast be able to pass a creditable examination as to the various 
constructions of paddle and screw engines in general use ; as 
to the details of the different working parts, external and in- 
ternal, with the use of each part. 

6. FiBST-cLAss Enoikeeb. — ^A candidate for a First-class Engineer's 
Certificate must be 22 years of age. 

In addition to the qualifications required for a Second-class Engineer, 

(a.) He must either possess, or be entitled to a First-class Engineer's 
Certificate of Service ; or in the event of his not being so pos- 
sessed or entitled, he must have actually served for one year 
with a Second-class Engineer's Certificate of Competency. 

(b,) He must be able to make rough working drawings of the different 
parts of the engines and boilers. 

(c.) He must also be able to take off and calculate indicator diagrams. 

(d,) He must be able to calculate safety valve pressures, and the 
strength of the boiler. 

(e,) He must be able to state the general proportions borne by the 
principal parts^f the machinery to each other. 
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(/.) He mnst be able to explain the method of testing and altering the 
setting of the slide valves, and of testing the fairness of the 
paddle and screw shafts and of adjusting them. 

(^.) He mnst be conversant with surface condensation, superheating, 
and the working of steam expansively. 

(A.) His knowledge of arithmetic must include the mensuration of 
superficies and solids, and the extraction of the square root. 

6. An Extra Fibst-class Engineer's Examination is voluntary, and 
is intended for such persons as wish to prove their superior quahficalions, 
and are desirous of having Certificates for the highest grade granted by 
the Board of Trade. 

The Candidate must be entitled to or possessed of a First-class 
Engineer's Certificate of Competency, and in addition to the qualifica- 
tions required for a First-Class Engineer, 

(a.) He must possess a thorough knowledge of the construction and 
working of marine engines and boilers in all their parts, and be 
so far acquainted with the elements of theoretical mechanics as 
to comprehend the general principles on which the machine 
works. 

(6.) He must understand how to apply the indicator and draw the 
proper conclusions from the diagrams. 

(c.) He must be acquainted with the principles of expansion, and able 
to prove, or at least to illustrate, the use of the expansion 
gear. 

((£.) He must be able to draw rough sketches of any part of the 
machinery, with figured dimensions fit to work from. 

GEHERiL RULES AS TO EXiUHATIOHS M FEES. 

7. The examinations will be partly viva voce, and partly by exam- 
ination papers. They will be directed specially to the above points, and' 
to the duties and business of an Engineer generally. 

If the candidate passes the viva voce examinations creditably, a set of 
questions wiU be given to work ont. ^ 

He will be allowed to worl^ out these questions according to the 
methods he is accustomed to use, and will be allowed five hours to per- 
form the work : and 

(a.) If at the expiration of the time allowed he has worked out cor- 
rectly the whole of the questions set him^ he will be declared 
to have passed. 

{b,) If at the expiration of the time allowed he has not worked out 
the whole of the questions set him, but if the result of the 
viva voce examination taken in connection with the answers 
to such of the questions as he has worked out are sufficient to 
satisfy the Examiner that the applicant is competent to take 
charge of engines of 100 nominal horse power or upwards, he 
will be declared to have passed. 



28 EUUN^Ttotia ( 

EXERCISES. 

1. If 464 tons of Welsh coal in the banters be sufficient for s voyage 
cf 2900 miles, and Lancashire coal be for space in the proportion of 46 
to 40, and iufeiioi in quality as 8-7 to 10-7 ; what distance will the 
bankers carry her if filled with Lancashire coal ? 2050*89 miles. 
Answer. 

2. If 100 make 8 miles of road in 27 days ; in how many days will 
ISO men make Smiles ? 80 days. Answer. 



Ex 


PEACTICE. 

impls.— 178 at 2s. 6Jd. 




2 A l™ 




6 V 17 6 
) A 4 6 6 

IS 7 2J 

s n 




£22 S 8i Answer. 


2.. 


- A of 41 ; 6d. = J of 2.. ; id. = A of ea. ; uid H 



Arrange as 
quotients . 



a the solution, divide by short division, and add the several 



614 


at 


1 


8 


Answer SI 3 4 


166 




6 


8 


SS 6 8 


HT£ 







U 


5 9 


714 


„ 





0+ 


14 iOi 


'21 la 




1 


1+ 


16 2 5 


671 




1 


8* 


58 Si 



INTEREST, DISCOUNT, 

Example 1. — What is the simple interest of £214 15b. 6d. at 6 per 
cent, per annum ? 

£ £ £ s. d. £ s. d. 

100 : 5 : : 214 15 6 Answer 10 14 9-3 



1,00)10,73 17 6 



14-77 
12 



£S!1miNATI0NS of ENOINEKfiS. 



29 



Example 2.— What is the discount on a bill of £142 15s. lOd. at 7i 
per cent. 



£ s. d. 
2)142 15 10 
7i 




999 10 10 
71 7 11 




1,00)10,70 18 9 

10*70 Answer J^IO 148. 
20 


2*25d. 


14-18 
12 




2*25 





INVOLUTION. 



Example 1. 9^ 


9 
9 




• 
• 


81 . 


^swer. 


Example 2. 4^ 


4 
4 

16 
4 






64 


Answer. 


Example 8. 5^ 


5 
5 

25 
5 






125 
5 






625 


Answer. 



28 EXAIUHATIONB OF ENOINEERS. 

EXEBCISES. 

1. If 454 tons of Welsh coal in the hankerB be snfficient for a voyage 
cf 2900 miles, and Lancashire coal be for space in the proportion of 46 
to 40, and inferior in quality as 8'7 to 10-7 ; what distance will the 
bonkers carry her if filled with Lancashire coal ? 2050'89 miiea. 
Answer. 

2. If 100 make S miles of road in 27 days ; in how many days will 
ISO men make 6 miles ? SO days. Answer. 



Esample.- 



;^ of £1 ; 6d. = 1 of 2a. ; id. = Jij of 6d. ; and iq. = i of id. 
as in the solution, divide by short division, and add the several 



PEACTICE. 

17S at 2e. 6jd. 




i 


A 
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6 

i 


t 
1, 


17 
4 


6 
6 
7 
S 



6 

2i 
7i 






f22 


3 


s» 


Arawer 



1 8 


Answer 61 S 4 


6 8 


65 6 8 


U 


5 9 


Oi 


14 lOi 


I n 


16 2 5 


1 8i 


68 34 
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INTEREST, DISCOUNT. 
—What is the simple interest of £214 16s. 6d. at 6 per 



Answer 10 14 



1,00)10,73 17 6 



ElflLlONATIONS OF KNOINEKfiS. 



29 



Example 2.— What is the discount on a bill of £142 15s. lOd. at 7i 
per cent. 





£ s. d. 




2)142 15 10 
7i 




999 10 10 




71 7 11 




1,00)10,70 18 9 




10*70 Answer J^IO 148. 2*25d. 




20 




14-18 




12 




2*25 


• 


INVOLUTION. 


Example 1. 9^ 


9 
9 


• 
• 


81 Answer. 


Example 2. 4» 


4 
4 


■ 


16 




4 




64 Answer. 


Example 8. 5^ 


5 
5 




25 




5 


• 


125 




5 




625 Answer. 



28 BXAUINATtONS Ot EMOINKERB, 

EXEBCIBE8. 

1. If 454 toDB of Welsh coal in the bunkers be anffioient for a voyage 
cf 2900 miles, and Lancashire cool be for space in the proportion of 46 
to 40, and inferior in quality as 6-7 to 10-7 ; what distance will the 
bonkers carry her if filled with Lancashire coal ? 2050*89 miles. 
Answer. 

2. If 100 make 8 miles of road in 27 days ; in how many days will 
160 men make 6 miles ? 80 days. Answer. 



Example.- 



28. = T^^ of £1 ; 6d. == J of 2s. ; id. = fj of 6d. ; and iq. = i of id. 
Arrange as in the soludon, divide by short division, and add the several 
quotients. 

EXERCISES. 



PRACTICE. 

178 at 2e. 61d. 




2 


A 


178 








6 


1 


17 
4 


6 
6 
7 
S 



6 
21 

n 






i22 


9 


3» 


Amwer 



No. 



d. 



1 

2 
8 
4 

5 
6 


614 
166 
872 
714 
292 
671 


at 18 Answer 
6 8 

u 

01 

1 u 

1 8i 


61 8 4 
66 6 8 
5 9 
14 lOi 
16 2 6 
68 3i 




INTEREST, DISCOUNT. 




Example 1.— What is the simple interest of £214 
cent, per annum ? 

£ £ £ B. A. 
100 : 5 : : 214 15 6 Answer 


16s. 6d. at 6 per 

£ s. d. 
10 14 9-8 



1,00)10,73 17 6 



£S!1miNATI0N8 of EMOINEKfiS. 



29 



Example 2.— What is the discount on a bill of £142 15s. lOd. at 7i 
per cent. 



£ s. d. 
2)142 15 10 
7i 




999 10 10 
71 7 11 




1,00)10,70 18 9 

10*70 Answer J^IO 14s. 
20 


2-25d. 


14-18 
12 




2*25 





INVOLUTION. 



Example 1. 9^ 


9 
9 




• 
• 


81 . 


^swer. 


Example 2. 4» 


4 
4 

16 
4 






64 


Answer. 


Example 8. 5^ 


5 
5 

25 
5 






125 
5 






625 


Answer. 
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EXAMINATION OF ENGINEERS. 



PRELIMINAKY NOTE. 

For the sake of conveDience of reference the dififerent Articles in the 
following work are numbered with large Arabic numerals ; when an 
Article has several subdivisions under one head, they are numbered with 
small numerals ; or, the capital letters A, B, C and so on, are placed at 
the right side of the page : thus Art. 17 means that Art. 17 is referred 
to; again, Art. 1. 4, means that the 4th subdivision of Article 1. has to 
be examined. 

Article !• 

The following signs are used in this work. 

1. The mark =, read equal to is the sign of equality, and it signifies 
that the quantities between which it is placed are equal. 

2. The mark + , read plus, is the sign of addition, and it signifies 
that the quantities between which it is placed have to be added together ; 
thus 9+24 = 83. 

8. The mark — , read minus, is the sign of subtraction, and it signi- 
fies that the latter of two quantities between which it is placed has to b^ 
subtracted from the former ; thus 88 — 6 = 27. 

4. The mark X read multiplied by, is the sign of multiplication, and 
it signifies that the quantities between which it is placed have to be 
multiplied together ; thus 8 X 3 = 24. 

5. The mark -f- , read divided by, is the sign of division, and it signi- 
fies that the former of two quantities between which it is placed has to 
be divided by the latter ; thus 18 -f- 2 = 9. 

6. Division is often denoted thus V = 9 ; where the number above 
the line is divided by that below. 

7. The mark ° placed thus 27° is read 27 degrees. 

8. .'.are used for the word therefore, 

9. The marks / » placed thus 6' 2" are read 6 feet 2 inches. 
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Article 2. 

EXERCISES IN THE USE OF THE SIGNS. 

1. (9 + 8-7) —IB X 2 =12-7 — 6 = 6-7 Answer. 

2. 248^8+100 — 18x4 
= 81 +100— 62 

81 
100 



181 
—52 



129 Answer. 



Note. When no sign is prefixed to a quantity the + sign is always 
understood. 

8. 28-^7+7-2(18-17) 

= 4 +7 — 2 = 11 — 2 = 9 Answer. 

4. 42 — (18 — 6>+7x(20 — 4) 
=42— 12 +7x 16 
= 80 + 112 = 142 Answer. 

6. 22 -=-11+7x6—2 

= 2 +42 — 2 -= 42 Answer. 

6. (101— 20)i+2x7 

= 81^ + 14 •= 9+14 = 23 Answer. 

7. (7 — 2)'— (14 — 8)' 

= 5» _ 11'= 126 — 121 = 4 Answer. 

8. 24-5-4 — 6x(69 — 68) 

= 6 — 6x 1 =6 — 6 = Answer. 

8xlx34_102_ 22_ 11 
6"x"l6"xl 80 80 ^40 Answer. 

10. 60 X 9 — 42 + 89 = 640 — 3 = 687 Answer. 

11. 60 X 9 —-42+ -89 = 640 —-03 = 689-97 Answer. 

12. (46— 10)i+(26— 9)i = 86i+16«'=6+4 = 10 Answer. 
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Abticle 3. 
ALGEBRA. 

In Algebra the signs used in Arithmetic are also used, and the letters 
of the alphabet are nsed to denote numbers. 

1. Thus the expression a+b, means that the number denoted by 6 is 
to be added to that denoted by a. Let 2 be the number denoted by b 
and 6 that denoted by a ; then by substituting these values of Vi and b in 
the expression a+6 we have the expression 6+2 ; that is 2 and 6 have 
to be added together. 

2. The expression a — 6, means that the number denoted by 6 is to 
be subtracted from that denoted by a. Let a and 6.have the same values 
as in Art. 1, then a — 6 "= 6 — 2; that is 2 has to be subtracted from 6. 

8. The expression a+2>^c, means that the sum of the numbers 
denoted by a and b is equal to the number denoted by c. Let a and b 
have the same values as in the preceding Arts., then 6+2 = 8; so that 
c = 8. 

4. The expression a — 6 = c, means that the difference between the 
numbers denoted by a and b is equal to the number denoted by c. Let 
a and b have the same values as before, then 6 — 2 = 4 ; so that in this 
case c = 4. 

5. The expression a b means that the numbers denoted by a and b 
must be multiplied together. Let a and b have the same values as before; 
then a 6 = 6 X 2. Here the sign x is used virhen numbers have to be 
multiplied together. Sometimes the expression a'b is used to denote 
that a and b have to be multiplied together. 

6. The expression-T means that the number denoted by a must be 

divided by that denoted by b. Let a and b have the same values as 

before, then — = ^= s. 
2 

7. The expression a" means that the number denoted by a must be 
multiplied by itself ; thus if a = 4, then 

a*=aa = 4"=4x4 = 16. 

8. The expression a* means that the number denoted by a must be 
multiplied twice by itself ; thus if a = 4 then 

a'= aaa= 4*=4 X 4 X 4 = 64 

9. a" is called the square of a or the second power of a. a' is called 
the cube of a, or the third power of a. 

10. The expression Va is called the square root of a, and it re- 
presents a number such that if multiplied by itself the product will be a. 
Leta = 16then \//i= >v/16 = 4; for4x4 = 16. 

11. The expression a { (b+c) — (d+e) } means that the numbers denoted 
t)y d and e have to be added together, and their sum subtracted firom the 
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sum of the nnmbers denoted by b and c, then the di£ference of these 
Bums has to be multiplied by the number denoted by a 

Let a-6f b = 6, c = 4,(i = 8, and « = 2; then substitute these values 
in the above expression and we have 

6x((6+4)— (8+2)} = 6x(9 — 6)=6x4=24 

ON EQUATIONS. 

An Equation ' is an expression stating that two quantities between 
which the sign of equality is placed are equal. 

Thus the expression a+b=e — d is an equation. 

The part of an equation at the left side of the sign of equality is called 
the left, or first, side of the equation, and the other part is called the 
right, or second side. 

The word Formula is often used instead of the word Equation. 



ON FINDING THE NUMEKICAL VALUES OF 

ALGEBEAICAL FOKMULiE. 

EXERCISES. 

1. Find the value of I b, where Z=6, 6=4. 

The expression I b, means that th6 numbers represented by I and b 
respectively have to be multiplied together; as follows • 

I 5=6 X 4=24 Answer. 

a 

2. Find the value of — , where a=24, 6=4. 

b 

a 
The expression — means that the number represented by a has to be 

b 
divided by the number represented hy b; as follows: 

a 24 

— = — =6 Answer. 
b 4 

a 
8. Find the value of — , where a=24, 1=6. 

I 

a 24 

— = — =4 Answer. 
I 6 
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4. Find the value of '7854 d*, where c2=24. Proceed as follows 

•7854 (i«=-7864 X 24 X 24. 

24 -7854 ^ 

24 576 



96 47124 

48 54978 

89270 

576 



452*8904 Answer. 



a a 

5. Find the value of , and of V{ ) ; where a=452'8904 ? 

•7854 -7864 

Proceed as follows : 

a 452-8904 



•7854 -7854 

•7854)452-8904(576 Answer 
89270 



59690 
54978 

47124 
47124 



a 452-8904 

Also, V{ )=i/( )= 1/(576) 

•7854 -7864 

576(24 Answer. 
4 



44)176 
176 



6. Find the value of 8*1416 d, where d=6. 

8-1416 d=3-1416x 6 

8.1416 
6 



18-8496 Answer. 



c 

7. Find the value of ^ where e=18-8496. 

8-1416 
c 18-8496 



8-1416 8-1416 

8-1416)18-8496(6 Answer. 
18 8496 



r»" 
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8. Find the value otlb A, where Z=4, 6=8, and A=2; 
UA=4x8x2 







4 






8 






12 






2 




• 


24 Answer. 




V 




9. 


Find the value of — , 

bh 

V 24 24 


where t?=24, 6=8, and h=2. 






= 4 Answer. 




hh 8x2 6 





V 

10. Find the value of — where i;=24, /=4, and A=2. 

Ih 

V 24 24 

— =- = — = 8 Answer. 

Ih 4x2 8 

V 

11. Find the value of — where t=24, Z=4, and 6=8. 

lb 
17 24 24 

— = = — = 2 Answer. 

lb 4x8 12 

12. Fmd the value of -7854 d^ h, where d=6, A=8. 

•7854 d« ^=-7864 x 6 x 6 x 8 

•7864 

89=6x6 



47124 
28562 

28-2744 . 
8 

226-1952 Ans. 



18. Find the value of , where t;=226'1952, and h=8. 

•7864 /t 

V 226*1962 



•7854 h -7854 x 8 
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•7864 6-2882)226-1952(86 Answer. 

8 188496 



6-2882 876992 
876992 



V 

14. Find the value of , where v=2261952 and (i*=86. 

•7864 d* 
V 226.1962 



'7854: d* -7864x86 



•7864 28*2744)226-1962(8 Answer. 

86 2261962 



47124 
23662 

28-2744 



16. Find the value of •7864 (D*— i*) h, where D^'ie, d=12, and 
A=6. 

Z>=16 d=12 i)«=266 

16 12 d»=144 

96 d«=144 D«-(i«=112 

16 _ _ 

2)«=266 

.•. -7864 {D*—d*) A=-7864 (16»— 12*) x6=-7864x 112x6. 

•7864 
112 



16708 

7864 
7864 

87-9648 
6 



627-7888 Answer. 



16. Find the value of 8-1416 d h, where d=Q, and ^=4. 
8-1416 e«A=8-1416x 6x4 
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8-1416 
6 



18*8496 
4 



76 8984 Answer. 



P 

17. Find the value of— +6 M— N-5-4 ; where P=6, M=4, N=12. 

2 

P 6 

_+6 M— N +4=— +6x4— 12 -J- 4 

2 2 

=8+24—8= 24 Answer* 

X 

18. Find the value of {p — ^)+6 « ; when p-10, g=4, «=8, 

y 

ip=12, and y=4. 

X 12 
(p_^)+6 , L=(io_4)+6x8 

y 4 

=6+18—8= 21 Answer. 

ahc m p 

19. Find the value of \-* , where a=2, 6=8, c=4, 4=6, 

d n q 

»i=6, n=2, >=28, and q=7. 

ahc m p 2x8x4 6 28 

+ = + 

d n q 6 2 7 

=4+8 — 4= 8 Answer.. 

(T- (T— 60) (f— 50) 

20. Find the value of , where r=164, t=112. 

100000 

(T— t) (T- 60) t— 60) (164—112) (164.-50) (112—50) 

100000 lOOOOQ 

42x104x62 



100 000 
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42 
104 



168 
420 

4868 
62 



8786 
. 26208 

1,00 000)2,70816 



2-70816 Answer, 



Article 5. 

GIVEN ALL THE QUANTITIES IN A PORMIJLA 
EXCEPT ONE TO FIND THE UNKNOWN 

QUANTITY. 



Article 6. 

The formula for the area of a rectangle is 

a = I h A 

Where a ^ area in square incites, square feet, &e. 

b '=' breadSh I ^ ^"^^^ inches, lineal feet, &c. 

Here a is the initial letter of the word area, I is that of the word length, 
and h is that of the word breadth. 

a 

This notation is very useful; and generally the initial letters of the 
given and required quantities are used in the formulas when it is con- 
venient to do so. 

. • • • 

The preceding formula may be denoted by the capital letter A at the 
side of the page ; and when the length and breadth are known the 
formula shows that their product is the area. 

Again ; suppose the length is unknown while the area and breadth are 
known ; then, shift I to the left side of the equation and a to the right 
side, draw a line under a and place h underneath the line as follows : 

a 

Z = — : B 

h 
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This fonaula shows that the quotient of a divided.by b is the length. 

In like manner when the breadth is unknown, the following {Drmula : 

ia 

b = — C 

I 
shews that the quotient of a divided by / is the breadth. 

Abticlb 7. 
AKEA OF A.CIKCLE. 

The formulas for the area and diameter of a cii'de are 

a = -7854 d* A 

a 

d^= B 

•7854 

d=- v{ — ).; c 

-7854 

• Where a = area ; in square inches, square feet, &c. 
d =. diameter ; in lineal inches, lineal feet, &c. 

When formula A is known, formula B is derived from it in the some 
manner as formulsa B and C are from formula A in Art. 6. 

Article 8. 
CIEOUMFERENOE OF THE CIRCLE. 

The formulae for the circumference and diameter of a circle are 

c = 81416 d A 

c 

d=— B 

8-1416 

Where c = circumference) . v , 

d = diameter )«» lineal measure 

Formula .B is derived from formula A in the same manner as is done 
in Arts. '6 and 7. 

Abticle 9. 
VOLUMES OF SOLIDS- 

RECTANGULAR SOLID. 
The formula for the volume of a rectangular solid is 

v= I b h *;.•.. ..♦..♦A 

Where v — volume, in cuhic inches, cuhic feet, &o. 
Z= length ] 

b= breadth - in lineal inches, lineal feet, &c» 
7t= height j 
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In a similar manner as in Arts. 6 and 7. 

From formula A we derive the following formalsB 

V 

I = — B 

bh 

V 

h= — C 

Ih 



V 

h^— D 

lb 

Article 10. 
VOLUME OF CYLINDER. 

The formula for the volume of a cylinder is 

t;---7864d»^ A 

Where v = volume ; in cubic measure. 

rf= diameter). ,. , 

/i=^ height pii lineal measure. 

From fofinula A we obtain the following formulae 

V 

d'= B 

•7864/1 

' V 

d - V{ ) C 

•7854 h 

V 

A= ; D 

•7854 d« 

Article 11. 
VOLUME OF HOLLOW CYLINDER. 

The formula for the Volume of a hollow cylinder is 

V = -7854 (D^—d^y h A 

Where v = volume ; in cubic measure. 
D — outer diameter' 
d = inner diameter 
h = height 

From formula A we obtain 



• in lineal measure. 



V 

h^ B 

•7854 (Z)«— d«) 
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Abtigle 12. 
SUKFACE OP CYLINDEE. 

The formula for the convex surface of a cylinder is 

8= 3'U16dh A 

Where « = surface ; in square measure. 

d = diameter) . ,. , _ 

A -height l^^tneal measure. 

From formula A we obtain 

« 

8 

d = B 

8-1416 A 

s 

h= C 

81416 d 

Article 13. 
PUMPS. 

The formula for the volume of water, in cubic feet, extracted in an 
hour is 

•7864d^«n/x60 

V =- A 

1728 

Where v = volume of water ; in cubic feet. 
d = diameter of pump ) • • i, 
s = length of stroke ) ^ ^^^^^' 
n = numl^er of strokes per minute. 
/ == fraction that the pump is full. 
60 = minutes in an hour. 
1728 = cubic inches in a cubic foot. 

•7854 X 60 

The constants '0272708 nearly. 

1728 

Hence, by substituting '0272708 in formula A, we have 

v= -0272708 d'«n A..: , B 

which is nearly correct. 

From formula A* we obtain the following formulae: 

1728t; 
d»= C 

•7864«n/x60 

1728 V 

d - >/( ^— ) D 

•7864«?i/x60 
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1728 1^ 

•7854 d^nfxm 

1128 V 
n = „....F 



•7864 d^ 8fx60 

1728 1; 

/= G 

•7864d'«nx60 

Article 14. 
TO FIND HOW MANY TONS OF WATEE THE 

PUMP whjL lift per hour. 

Since by '* Hints to Engineer Candidates " No, 5, one cubic feet of 
fresh water weighs, 62^ lbs., and that 224Qlbs.= l ton; therefore 
multiply formula A, Art. 18, by 62*54-2240 and we have the following 
formula for the tons of fresh water pumped out in an hour. 

•7864 ««'«n/x 60x62-5 

Tons= A 

1728x2240 

Again; since by the ** Hints," Thirty-five cubic feet of sea water 
weighs 1 ton ; therefore divide formula A, Art. 18, by 85, and we obtain 
the following formula for the tons of sea water pumped out in ah hour. 

•7854d'5n/x60 

Tons = B 

1728x85 

Article 15. 

TO FIND THE TIME IN WHICH A PUMP WILL 

EMPTY A TANK. 

For the solution of this question we have the formula. 

cubic feet of water in tank 

Time; inhours= A 

cubic feet pumped out in an hour 

If the water in the tank be given in tons ; then, since the water is 
salt, the cubic feet are found by multiplying the tons by 85. 

If the pump be double acting, then formula A in Art. 13 must be 
multiplied by 2. 

Again ; to divide by a fraction is equivalent to multiply by the fraction 

; 1 ' 

inverted ; therefore to divide by in formula A Art. 18 is equivalent 

1728 
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• 

1728 
to mnltiplj by — • ; and sinoe / in the same formula is a fraction, let 

1. 

it be equal to — , then — inverted becomes — . 

q q p 

Making these substitutions in formula A, Art. 13, and placing the 
altered formula in the denominator of the formula A of the present Art., 
.we have 

tons X 86 X 1728 x q 

Time; in hours =-• B 

•7854(r«»x60xpx2 

If the dimensions of the tank be given ; then, by formula A, Art. 9, 
we have the cubic feet of water in the tank == lb h; thus formula B 
becomes 

IbhxinSxq 

Time; in hours , C 

•7854(r«?ix60;?x2 

Article 16. 

GIVEN THE TIMES IN WHICH TWO PUMPS 

WOEKING SEPARATELY WILL EACH DIS- 

CHARGE THE WATER OUT OF A TANK ; 

TO FIND THE TIME IN WHICH THEY 

WILL DISCHARGE IT WHEN BOTH 

PUMPS ARE WORKING 

TOGETHER. 

Let ii = time in which the first working alone will discharge it. 
b = „ „ second „ „ 

x= „ „ both working together „ 

Then — = part discharged by the first in x hours. 
a 

X 

— = »» 99 second „ 

b 

And the sum of these two parts is the whole water discharged, whichr 
we shall denote by 1. 

Xl X a b 

Thus — I — = 1 .\bx+a x=- ab .\x = A 

a b a-^-b 
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Article 17. 
HORSE POWER. 

The formula for the Indicated Horse Power is , 

•7864d'jt)«rx2 

H P = A 

88000 

Where H P = horse power. 

d = diameter of cylinder ; in inches. 

p = pressure of steam per square inch on cylinder ; in lbs. 

8 — length of stroke ; in feet. 

r = revolutions per minute. 

' In formula A the quantity ^ P is unknown and d*, p^ «, r'are known. 

Suppose d* to be unknown and the other quantities to be known ; shift 
d* to the left side of the equation, and H P to the right side, draw a 
line under H P and place 88000 above the line» and all the other quanti- 
ties except d* underneath the line ; as follows 

83000 HP 

«• = — B 

•7864p«rx2 

88000 H P 

.'.d = V{ ) 

'7SHpsrx2 

In like manner. 

88000 HP 

p = ..D 

•7864ci*«rx2 

88000 HP 

*7854d'jE)rx2 

88000 HP 

•7854(i';? rx2 

*7854-5-88000= -0000288; hence by substituting this value in 
formula A we have 

HP =-0000288 d^p s rx2 G 

Hence 

HP 

d« = H 

•0000238 p«rx 2 
HP 

p — I 

•0000238 d* « r X 2 
HP 

s= ...; , J 

•0000238 fi*prx 2 
HP 

r^ K 

•0000288 c^ p s X 2 
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Article 18. 

Given the height of » mast head above the sea when the ship is up- 
right, and also its height when she is inclined ; to find what 9he would 
blow off at. 

tc w 

Let — " r= p = pressure per square inch on the valve, 

a <7854 d* when ship is upright ; in lbs. 

p = pressure per square inch on the valve, 

when ship is inclined ; in lbs. 
w = weight on valve when the ship is upright; 

in lbs. 
a = area of valve = -7854 d*; in sq. inches.. 
d - diameter of valve, in inches. 
H = height of mast when the ship is upright ; 

in feet* 
/i = ,, „ „ inclined ; 

in feet. 

h w 



p h hP -7864 (/• 

Then — = — .•.;) = 



P H H H 

We thus obtain the Formula 



h H' 



H -7854 (/' 



Article 19. 

TO FIND THE NUMBEE OP BOLTS IN A 

CYLINDEE COVEB. 

For the solution of this question we must have the pressure that all 
the bolts will bear equal to the pressure of the steam on the area of the 
cylinder cover ; thus we obtain the following equations : 

n -7854 d*8 --= -7854 D* p 

•7854/>*7> D^p 
••. n = ~ A 



'7854 d^ 8 d^ s 
Where D ^ 



D ~ diameter of cylinder cover) . . , 
d = „ bolts I ^^ ®* 

p =* pressure per square inch on cylinder cover \ . ^^ 
8 = strain that every bolt will bear ) ^ ^* 

J) 



26 EXAMINATIONS OF ENOINEEBS. 

Article 20* 

Given the I. H. P. of an engine, the lbs. weight of steam 'nsed per 
honr, per I. H. P., and the temperatures of the injection water and dis- 
charge water. 

Then, if 1 lb. of steam give out sufficient heat to raise 1000 lbs. of 
water l*' Fahrenheit ; find how many tons of injection water are nsed in 
a certain number of hours. 

Let T = tons of injection water used in the given hours. 
h = horse power. 

H = steam used per hour per I. H. P. ) . ,, 
w ^ water heated 1" ) ^° ^^^• 

t = time ; in hours. 
d — difference of temperatures. 

Then, the product of the lbs. of water used to condense 1 lb of steam» 
xnuHiplied by the difference of temperatures is equal to the product of 
1000 lbs. by 1°; that is, it is equal to 1000. 

1000 

.*. = lbs. of water used to condense 1 lb. of stean^. 

d 

And h $ =^ lbs of steam condensed per hour. 

h s 1000 

,«, = lbs. of injection water used per hour. 

d 

Multiplying this fraction by the number of hours per day we get the 
number of lbs. per day, which being divided by 2240 gives us the number 
of tons of cold water used per day ; thus we obtain the formula 

h s IV t 

T-= A 

2240 J 

Article 21. 
THE LEVEB. 

In figure 1, let A B be the ends of a lever resting on a fulcrum F, P 
the power applied at A, W the weight to be lifted at B ; then 

PxAF^ WxB F A 

W X n F 

... p r.: , B 

AF 

If the lever be assumed to have no weight, we have 

P+W = weight pressing on the fulcurm C 

If the weight of the lever - L, then 

L+P+TF= weight pressing on tire fulcrum D 
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Article 22. 

Given the nnmber of gallous iu a tauk ; to find its volume and height 
Since there are 6J gallons in 1 cubic foot. 






A 



6-25 

Where r "' volume ; in cubic feet. 
fj - gallons in tank. 

By Article 9, formula A 



V •"'- 1 1) h .•* / b h 



if 



6-25 



... f, .:. ^ 13 

I b X 6-25 



Article 23. 



Given the diameter of the stays of a boiler, their distance apart from 
centre to centre, and the strain per square inch section of stay ; to find 
the pressure per square inch on the boiler. 

Let d - diameter of stay) .^ ^^^^^^ 
8 — space apart j 

S = strain on stay, per square i»chK^ ^i^^ 
p =: pressure on boiler „ ) 

Then 

•7854ti*iS=»*i^.,. A 

•7854 d' S 
p = B 

8* 

.7854 6^ 
s= ^{ ) C 

P 

rf= V{ ) D 

•7854 S 

. «' p 
S = E 

•7854 d' 
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Article 24. 

TO FIND THE AVERAGE TIME THAT EVERY 
PORTION OP STEAM REMAINS IN THE 

SUPERHEATER. 

Let t — time ; in secoLds, that the steam is in the superheater. 

c = lbs of coals burnt in 1 hour for every sq. foot of grate. 

w — lbs of water evaporated for every lb. of coal. 

n ~ cubic feet of superheater for every square foot of grate. 

s ~ times volume of steam is greater than that of water. 
62*5 = weight of 1 cubic foot of fresh water, in lbs. 
8600 = seconds in 1 hour. 



Then 



c w ~ lbs. of water evaporated for every lb. of coal biirnt in 1 
hourl 

cw 

= cubic feet of water evaporated. 



62*5 

C IC s 

62*5 



— volume of steam. 



.*. t : 8600 : : u : 

n 8600 

.*. t 



c w a 



62-5 



C W 8 



62*5 



6^*5X718600 
. t ~ .-. A 



C W 8 



Article 25. 

FOR STEAM ABOVE 12 LBS. PRESSURE ABOVE 

THE ATMOSPHERE. 

The weight of steam that will escape in 70 seconds through an orifice 
one square inch in area is equal to the lbs. in the gross pressure of the 
steam. To find what breadth of opening a safety valve must rise to in 
orde^ to allow the escape of a certain weight of steam in an hour. 
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Lot g -' gross pressure of steam. 

s = lbs. of steam that escape in au hour. 

d — diameter of valvo ) • • u 

I 1. • UA 11- A 1 1 • -in mches. 

h =^ height that valve must nse j 

lbs. that escape lbs. that escape 
Seconds Seconds in 70 seconds in 1 niiuute 

60 6 

Then, 70 : 60 : : n : — if ' —if 

70 7 

6 860 

•*• — ifK^O '-- if '-- lbs. that escape in 1 hour. 

7 7 

lbs. that escape lbs. that have to 

in 1 hoar escape in 1 hour square inch sqaare inches for escape 
mOy s Is 

Again, . : .v : ; 1 : 

7 360 y 860 y 



NoAv the valve when Ufted forms a cylinder whose surface must be 
equal to the area for the escape of the steam ; thus by Aiiicle 12, 
formula A, we have : 

T 8 T H 8 

3-1416 d h -•■- .-. h '--^ r ^ 

860 y 8*1416 <i 860// -4488(2 860// 

And -4488 X 860 -= 161-668 

8 

Therefore h — A 

161-668 d if 

Article 26. 

To what height must a safety valve be lifted in order to allow a free 
escape of steam equal to the area of the valve. 

When the valve is lifted it foims a cylinder whose diameter is that 
of the valve. 

Let d =■ diameter of cylinder. 
h — height „ 

Then, by Article 7 formula A, and Article 12 formula A« 

Area of valve = -7864 d* 
Suiface of cylinder = 8.1416 d h 

And by the condition of the question 

81416 dh=- -7844 d' 

•7854 d' d 

Therefore h~ — A 

8-1416 d 4 
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Article 27. 

Given the I. H. P. and the lbs. of steam used per I. H. P. per hoor^ 
to find how many inches of the stroke of the air pump will be full. 

In this question it is required to find what fraction of the stroke is 
*full ; hence we have formula G, Article 18, and since the water from the 
condensed steam weighs the same as the steam did, and that 62^ Ibji. of 
fresh water are equal in capacity to 1 cubic foot, therefore, for v in 
the formula substitute (H Px lbs. of steam per I. H. P. per hour) -r* 62*5; 
thus the formula becomes 



. ^. 1728 xHPx lbs, of steam pe r I. H. P. per 
^ -7854 X rf" « n X 60 X 62-5 



hour . 

'. . . A. 



Article 28. 

TIME IN MINUTES THAT PRESSURE TAKES TO 

RISE. 

Given the length, breadth, and depth of water in a rectangular boiler, 
suppose that one third of the space is taken up with furnaces and tubes, 
and the rest is water ; the furnaces consume so many lbs. of coal per 
hour, every lb. of coal is equal to heating 12000 lbs. of water one degree 
Fahrenheit. , 

The difference between the temperatures at two different pressures of 
steam are given. 

Bequu'ed the time in which the pressure will rise from the lesser to 
the greater pressure if all the valves be shut and the fires in action ? 

Let I = length of boiler "j 

i> = breadth ,, I in feet. 
d = depth of water J 
t — difference of temperatures. 
c = cwts. of coal burnt per hour. 

1 Qib d—l bd 2 

Then I h d lb d = = — lb d=^ cubic ft, of water 

8 8 8 

2 

— Ibdx^i — weight of salt water ; in lbs. 
8 

2 lbdx^4. 

= lbs. of coals required to beat it V 

8 X 12000 
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o 



iibdxUt 

Let p "' ■ = lbs. of coals required to heat it i 

8 X 12000 

Let 2 = ex 112 = lbs. of coals consumed per hour. 

P 
Then p \ q i i %0 minutes : 60 — 

9 
Substitute the values of p and q and we have 

2Zic«x64xtxC0 

Tune required to raise the pressure =~ a 

8x12000x^x112 

And by cancelling 

Ihdt 

Time = A 

525(7 

If the water be fresh, put 62*5 in the place of 64 in equation a wad 
cancel, and we have 

Zicitx2-5 

Time ^ B 

8x4X0x112 



82 
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DATA FOB EXAMINATION OF ENGINEEBS, 



SECOND CLASS. 



1 


12 
18 


648 


742 


417 




2 


2 


1 

8 


8 


1 

6 






8 

4 

5 

1 

1 

6 
7 

j 


6 


8 




; 








8 


6 17 6 


4 6 6 


25 








19 


90 


20 










180 


16 
25 


4 


5 


110 






692 


28 


. 








8^ 

1 

1 

9 : 

10 : 

1 

1 

11 i 

! 

12 


1 


n 


1 




• 






29 ! 


Si 


; 








2 


i 

5 : 


15 6 . 


65 








1 

1000 

1 

t 


1 


66 


110 








52 


86 


9 

1 


700 









llemarks. — Fill up the blank space in No. (1) on the right hand page 
from No. 1 on the left hand page thus. 

(1). Express in words 12, 648, 742, 417. 

In like manner fill up the blanks in No, (2) on the right hand page 
from No. 2 on the left hand page ; thus 

(2). 18-2+8x3—6. 

And in the same manner fill all the blanks in the question from the 
data on the left hand page. 
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EXAMINATION PAPEE. 



SECOND CLASS. 



Port 


Class for which examined 


Date 


Candidate's Name 



(1.) Express in words ? 

Applicant's answer. 

(2). ^ + X — ? 

Applicant's answer. 

(8). The diameter of the piston rod at the bottom of the thread is 
« there are two bolts in the cross head each " diameter, what is the pro- 
portion of the area of the bolts to that of the rod ? 

Applicant's answer. 

(4). Add together £ s. d., £ s. d., and £ s. d. 
and divide the sam by ? 

Applicant's answer. 

(6). An engineer received £ as a bonus for his economy of 

coals, there were tons left at the end of the voyage, and they cost 

s. per ton ; what per cent did he receive ? 

Applicant's answer. 



84 KZAimUTIONB or SRaiHBKBS. 

PAPER I. 
SECOND CLASS ENGINEERS. 

(1.) Express in words 12, 643, 742, 417 ? 

Twelve thousand six hundred and forty three millions, seven hundred 
and forty two thousands, four hundred and seventeen. Answer. 

Remarks. The figures are easily read hy separating them into groups 
containing three figures each as is done in the example. 

88 

6 Subtract 

27 Answer. 

(8.) The diameter of the piston rod at the bottom of the thread is 5% 
there are two bolts in the cross head each 8* diameter ; what is the 
proportion, or ratio, of the area of the bolts to that of the rod ? 

SOLUTION. 
Area of section of bolts •7854x8»x2 3x8x2 18 



Area of section of rod -7854 x 5* 5x5 -25 

f5)18 



25 



,5) 3-6 



•72 Answer. 

Note. *72 : 1 : : area of bolts : area of rod. 

Remarks. Formula A Article 7, expressed in words at length gives 
the following formula for finding the area of a circle. 

Area = '7854 x (diameter) • . 

Hence we have 

Area of both bolts — '7854 x (diameter of bolt)* x 2 



Area of piston rod = •7864 x (diameter of piston rod)' 

(diameter of bolt)* x 2 
(diameter of piston rod)' 
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Since *7854 is common to both namerator and denominator of the 
fraction, it may be omitted, or cancelled, from both of them. By 
substituting 8 for diameter of bolt, and 5 for diameter of piston rod, we 
have the question as it is put in the solution. 

(4.) Add together £Q Os. Od., £5 17s. 6d., and £i 5s. 6d., and 
divide the sum by 25. 

£ s. d. 

8 

5 17 6 

4 5 6 



25 



5)18 8 
5)2 12 7-2 



10 6-24 Answer. 



(5.) An engineer received £19 as a bonus for his economy of coals, 
there were 90 tons left at the end of the voyage and they cost 20s. per 
ton ; what per cent, did he receive ? 

90 tons left As 90 : 19 :: 100 

20 shillings per ton 100 

2,0)180,0 9,0)190,0 



£90 value of coals left 21*1 per cent. Answer. 



(6.) The area of the boiler level is 180 square feet ; a single acting 
donkey can pump up 16" in the glass per hour ; diameter of pump 4"; 
stroke 5", revolutions per minute 110 ; what is the efficient stroke of the 
pump? 

For the solution of this question we have the formula G Article 18. 

Expressing this formula in words at length, and observing that / is 
tbe fraction that the pump is full, or, in other words, it is the efficient 
stroke ; and that v is the volume, which is equal to the area multiplied 
by the height, and that we may express the inches of the height as the 
fraction of a foot by dividing them by 12 ; we have thus : 

1728 X area x height 

Efficient stroke = -— G 

•7854 X (diameter)' x stroke x revolutions x 60 

For the word area in formula G substitute the area given in the 
^estion, namely 180, for height substitute iS, for (diameter)* substitute 
4 x 4, for stroke substitute 5, and for revolutions substitute 110 ; as 
follows 

1728x180x16 
Efficient stroke = 



■7854x4x4x5x12x110x60 



86 EXAiaMAtlONS OF ENGINSEES. 

Cancel both numerator and denominator of this fraction by the num- 
bers at the right side of the page as follows : 

2 Divide by 12 

12 1 12 

144 18 4 , 6 

1728 X 180 X 16 10 

Efficient stroke — 4 

•7864x4x4x5x12x110x60 4 
•1809 11 1 11 6 

Hence 2x18 
Efficient stroke = 



•1809x6x11x5 



Then proceed with the solution as follows. 

•1809 18 

66 ^ 5x11 2 



6646 86-9976)26-00000( -722 

6646 26 19826 6 inches stroke 



7-1995 801750 8-610 
6 719950 



85-9976 818000 
719960 



98050 



Answer '722 of the stroke ; or 8-61 inches efficient. 

(7.) When the temperature of the funnel is 592'' the consumption is 
25 tons per day ; after a few days it increases to 28 tous per day to raise 
the same amount of steam ; what is now the tempeiature of the funnel, 
nothing else having altered ; and what is the cause of the increased 
consumption ? 

Note. Cost of evaporation is increased by (n) per cent. The alter- 
ation in the temperature of escaping gases alters to 22 (n) degrees. 

tons 

28 22 

25 12 

tons — tons 

25 : 8 : : 100 264° Alters 

14 4 592 At first 

12 per cent. 856 Answer. 

(8.) What is the per centage of strength of a single rivetted seam, 
diameter of rivets if, pitch If, and thickness of plate ^. 

(Pitch — diameter of rivets) x 100 

Foiinula Per centage — 

Pitch 
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Hence, by substituting the nnmerical valaes of the pitch and diameter 
of rivets, we have 

(IJ — il)xlOO (i_||)xlOO (18—^1) 
= -= xlOO = 

(28 — 18) 

16 16 X 100 
XlOO = 



28 28 

16 



15 
100 



(7)1500 

2qJ 

1 4)214-2857 
Answer 58*5714 per cent. 



7 7x4 28 

Bemarks, 1} = — — ~ — 

4 4x4 16 

28 18 28 — 18 15 



16 16 16 10 

(9.) What is the rubbing surface of a packing ring whose diameter is 
29", and width 8i? 

Formula. Surface = 8*1416 x diameter x width. 

Hence, by substitution in the formula, we have 
Surface = 8*1416x29x8*5 

8-1416 
29 



282744 
62882 

91-1064 
8*5 

4555820 
2788192 



(12)818*87240 square inches. Answer. 

144 J 

I 12)26*5727 or 

2*2144 square feet. Answer. 
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Note. 144 sqaare inches = 1 square foot. 

(10.) There are 2 side hunkers each 5 ' 6" wide, and 15 ' 6^ high, and 
they are to contain 65 tons of coals when full, what is the length of each ; 
and how many cuhic feet will you allow per ton ? 

Answer. I will allow 45 cuhic feet per ton. 

By expressing formula B Article 9 in words at length ; observing that 
V — cubic feet = tons x 45, since there are 45 cubic feet in 1 ton ; 
and because their are 2 bunkers therefore the formula must be divided 
by 2 to obtain the length of each of them ; thus we obtain the following 

tons x 45 



^' urniuMA, jjcu^ioi 


width X 


heightxl 


I 


Hence, by substitution. 


, we have 






Length 


18 
65 


9 
X45 


Divide by 5 
13x9 5 


5-5 x: 
11 


L5-5 X 2 
81 


11 X 8-1x2 


3.1 
I'l 


13 
9 

117 


6-82 


;)117'00(17-1654 
682 12 


3-41 
2 


4880 1-8648 
4774 


6-82 






1060 

682 

3780 
3410 


Answer 17 feet 1*86 inches. 




8700 
8410 

2900 

2728 



(11.) If one lb. steam raise the tempature of 1,000 lbs. of water 1°, 
and the sea water is 66°, and the discharge water is 110° ; how many 
lbs. of circulating water passes the condenser for each lb. of steam? 

RULE, 
lbs. of water passing condenser = 

lbs. of water raised 1° in temperature 



heat of discharge water — heat of sea water 
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89 



Disoharge water 110° 

Sea water 66 

Temperature raised... 44 



44 



11)1000 
4) 90-909 



Answer 22*727 lbs. 



(12.) The piston is 62** diameter, and at the beginning of the stroke 
the pressure is 86 lbs. per square inch ; if the crank pin be 9* diameter ; 
what length should it be in the bearing if the pressure on the oil is not 
to exceed 700 lbs. per square inch ? 



Formtda. I = 

Where I = 

D = 

d = 

P = 



•7854 !>• 2' 

700 d 

length 

diameter of piston 

„ crank pin 
pressure; in lbs. 



Hence, by substitution, we have 



Length — 



1122 4 

•7854 X 52 X 52 X 86 

700x9 
100 1 



in inches. 



Divide by 7 
1122x52x52x4 9 

100 



•1122 
52 

2244 
5610 

5-8344 
52 

t 

116688 
291720 

808-8888 
4 

1,00)12,18-5552 



Answer 12-1855 inches. 



40 nUlOHATtONS OF BMOINBBBa. 



PAPER II. 
SECOND CLASS. 

1. 514 times the 100 thousandth part of an inch. 

614 
•00001 



00514 



Bemarks. -1 = 1 tenth; -01 = 1 hundreth; -001 = 1 
thousandth ; and so on. 

2. (6' 4r — 4' 6*") X 12. 



6 
4 


4i 

64 


• 


1 


94 
12 




21 


lOj 


Answer. 



Bemarks, In addition or sahtraction of fractions they mnst he reduced 
to a common denominator, as follows 

Since i is greater than \ add 1 to S and proceed as follows 
6 6 8 6+8 14 

8 8 8 8 8 

7 14 14 7 14 — 7 7 
Then, take — from — thus ; — — — = = — 

8 8 8 8 8 8 

Next, hecause 1 is added to the fraction S, 1" must he added to the 6", 
thus making the inches to be subtracted 6"+l'' ="- 7". 

In multiplying the fractions, proceed as follows : 

7 7x12 84 4 

— Xl2 = = _ = 104 



8 8 8 8 
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8. (86 — 16+9-4) (6 — 4) 

6 — 4 = 2 





+46-4 
Subtract 16 




+29-4 
Multiply by +2 




+58-8 Answer. 


4. (86 — 


. 16+9-4) (4 — 6) 




+86 
+ 9-4 




+46-4 
16 




+29-4 
Multiply by 2 




— 58*8 Answer. 


5. (86 — 


16+9-4) X (6 — 4) 




+86 
+ 9-4 




+45-4 
16 




+29-4 
Multiply by +2 




+58-8 Answer; w 


6. (86 — 


16+9-4) X 6 — 4 

+86 
+ 9-4 




+46-4 
—16 




+29-4 
6 




+ 176-4 
—40 




+ 172-4 Answer. 



4 — 6 = — 2 



6 — 4 = 
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Remarks, The student will observe the different answers to the 
questions when the signs are changed, or the brackets taken away. 

7. A ship's mast head is 96 feet above the level of the sea when up- 
right ; but when she is heeling over under pressure of canvas, it is 84 
feet above the sea ; the valve is 6" diameter, and loaded with a weight of 
784 lbs. when the ship is upright ; what will she blow off at when heel- 
ing over ? 

Expressing the formula Article 18, in words at length we have the 
following. 

Formula 
Pressure per square in. 'when heeling = 

height of mast, when heeling x weight of valve 



height of mast, when upright x (diameter)* x '7854 

Hence, by substitution, we have 

1 Divide by 12 

7 98 7 

84 X 784 98 

Pressure ~-— — — — ^.^— — — — — = — — _^______ 

96x6x6x-7854 6x6x-1122 

8 -1122 

1 

•1122 4-0892)98-0000(24-26 lbs. Answer. 

86 = 6x6 80784 



6782 172160 

8866 161668 



4-0892 105920 

80784 



251860 
242852 



4 

8. The speed of the ship is 8*5 knots per hour, and the consumption 
11 tons per day ; but the speed at another time is 9*2 knots per hour, 
and consumption 14 tons per day ; what is the rate of cost per day ? 

Rule. CK— CK, 



k: — K 



Where C, — greater consumption 

C = least ,, 

K, =- greater knots 

K ~ least „ 
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Hence by snbsiitaiion, 


we have 




14x8-6 — 11x9-2 




9-2 


— 8-6 




9-2 


14 


11 


8-6 


8-6 


9-2 


•7 


70 


22 


— 


112 


99 




119-0 


101-2 




101-2 






•7) 17-8 






26-4286 


Answer. 



9. Verify the above formula by working at fall length tinder the two 
conditions, for a voyage of 1800 miles, work to 4 decimals. To find the 
time expended and tons consumed at 8-6 knots. 

knots, knots, days. 

8-6 knots in 1 hour 204)1800(6-8726 

2 4 hours in 1 day 1224 

840 760 

170 612 



204-0 knots in 1 day 1480 
1428 



6-8726 days on voyage 620 

11 tons per day 408 



70-0976 tons on voyage 1120 
1020 



To find the time expended and tons consumed at 9-2 knots. 

knots, knots. days. 
9-2 knots in 1 hour 220-8)1800-0(6-8877 

24 houis in 1 day 11040 

868 19600 

184 17664 



220-8 knots in 1 day 19860 
17664 



5.8877 days on voyage 16960 

14 tons per day 16466 



286608 16040 

58877 16466 



82-4278 tons on voyage 



44 
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To compare the days and tons expended. , 
6-8726 82-4278 -4848)12-8808(25-48 Answer. 



5-8877 
-4848 



70-0975 
12*8808 



9696 

26843 
24240 

21080 
19892 

16880 
14544 



10. What is the hoiler pressure when the diameter of L P cylinder 
is 62% that of H P cylinder 88", and that of crank shaft 9", and stroke 
81' ? fd* — USD' 

Formula. B = — 

S H* 
Where B = boiler pressure ; in lbs. 

/ = 4986 for crank shaft, and 5760 for tunnel shaft 
d = divtxtfrter of shaft 
D = „ L. P. cylinders 

H = „ H. P. „ 

S = length of stroke 
Hence, by substitution^ we have 

4986 x9«— 15x81x62' 



62 D 
62 



• in inches 



prcoBuxo 

U 88 

. 88 


9d 
9 

81 d« 
9 

729 d' 

11810884(40 
179056 


81 X 88» 

/4986 
729 


804 
114 

H^ 1444 
S 81 

1444 
4882 


44424 
9872 
84552 


8598844 
1787460 


1810884 


S H* 44764 
44764) 


•45 lbs. 




208240 
179056 




• 


241840 
228820 





124 
872 

8844 D^ 
81 S 



8844 
11582 

119164 
15 



595820 
119164 

1787460 



Answer 40*45 lbs* 
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11. A compound engine has a steam receiver round the H. P. cylinder} 
equal in diameter to the L. P. cylinder, steam chest for slides between 
the cylinders ; distance between the centres of the cylinders 82^, diameter 
of L. P. cylinder 48*, and depth 58* ; how many square feet of felting 
will be required to cover it ? 

In the diagram No. 4 let ^ i:^ C 2> K F be the upper edge of the 
external part of the objects around which the felting goes, and G L & 
vertical section through M N the centres of the cylinders. 



Then, the two semicircles are eqaalto a circle, and AF+CD =^ 2 MN 

Hence a = (8-1416d+3f.Yx 2) b 

Where a — area of felting 

d ~ diameter of L. P. cylinder 

MN = distance between centres of cylinders 

GK = b = breadth, or depth of felting 

Hence, by substitution, we have 

area = (8-1416 x 48+82 x 2) x 58 

8-1416 28 

48 2 



251828 164 
126664 



150-7968 
164 

814-7968 

58 

25188744 
15789840 



144 



18258*2144 square inches. 
12) 1521-5179 

^12) 126-7981 square feet. 



12. A bonus of £72 is to be divided among 8 engineers, in proportion 
to the amount of wages they have received ; A's wages are £102, B's 
wages are £75, and C's wages £57 ; what part of the £72 will each man 
receive ? 
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A*s wages 102 


1 




284 : 


102 : : 


72 


B'b do. 76 








72 




C's do. 67 








204 




284 








714 










2d4)7844(Jgdl 
702 


78. 8«Y,d. 










824 




• 






28^ 


284 

90 
20 






4)1800(7s. 
1688 






162 






• 




28^ 


12 






l)1944(8d. 
1872 






72 












284 




A*s share of bonus 


81 


7 


Q 72 


72 


284 


B*s do. 


23 


1 


6m 


108 




C*s do. 


17 


10 


9M 


64 


284 


Sum of fractions 








1 






Sum of shares — 


72 











= 1 



Note, B and C's shares are found in the same manner as A's. 
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PAPER m. 



SECOND CLASS. 

5x9+8—2 46+6 

1. 72-r-( ) = 72^( ) 

6'— 88 86—88 

51 72 

= 72-5-— = — = 4-235 Answer. 
8 17 

2. 8 owt. 2 qrs. 27 lbs. tallows at 54s. per cwt. Answer £10 2i\fi. 

8. What is the weight of ganmetal in a screw shaft liner, length 46 
inches, outer diameter of liner 18 inches, thickness of liner i inch ; if a 
cubic inch weigh *8 of a lb. ? 

The liner is a hollow cylinder; hence, by Article 11 formula A wo 
obtain its volume in cubic inches, which being multiplied by the weight 
of a cubic inch we thus obtain the following /on/tti^a: 

Weight = -7854 (!>• — d*) x length x -8 
Where D — outer diameter of liner 
d = inner do. 

D = 18" .-.Weight -• •7854x(18«— ll-5«)x46x-8 
ix2 = li 



d 

18 
18 


- lU 

11-5 
11-5 


86-76 
•7854 


• 

28-86845 
46 


89 
18 


575 
1265 


14700 
18875 
29400 
25725 


17818070 
11545880 


169 
182-25 


182-25 


1827-71870 
•8 




28-868450 


86-76 


898-81561 





Answer 898-81561 lbs. 

4. An oU tank is 8' 6" long, 2' 9" broad, and 1 ' 10" high ; what was ' 
the consumption per day in gallons, if in 6 days the oil be lowered 4 
inches in the glass ? 
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In this question the height of the tank has nothing to do with its 
solution, and the height of the oil may be expressed as the fraction of a 
foot by dividing it by 12. 

Hence, by Article 9 Formula A, and observing ^that there are 6^ 
gallons in 1 cubic foot, we obtain the following 

Formula 

length X breadth x depth x 6*25 

Gallons consumed per day = — 

number of days 

And, by substitution, we have 

•7 1 Divide by 5 

8-6 X 2-75 X 4 X 6-26 4 

gallons per day 

5x12 
1 8 

-7x2-75x6-25 

= = 4-0104 

8 

Answer 4-0104 gallons per day. 

5. 16' 2^x 6' 8^"; find the product in square feet and decimals of a 
square foot. 

10 2-26 

— = -26.-. 2f = 2"-25; ^ -1875. 

4 12 

1-0 8-6 

— = -5 .-. Si" = 8-5 ; — = -29167. 
2 12 

.-. 16' 2t' x6' 8J' = 16'-1875x6'-2917 =~- 101-84689875. 

Answer 101,84689875. 

■ 

Remark, The sign .-.is put for the word therefore, 

6. A waste steam pipe of a spring loaded safety valve is 80 feet high ; 
what extra pressure per square inch is on the valve should the pipe 
become filled with water? 

h 80 

Formula, ~ = 18-02 lbs. Answer. 

2-805 2-805 

Where h = height of pipe, in feet. 

Note, A column of water 1 inch in area and 2*805 feet high weighs 
lib. 
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7. What is the amount of wages 

£ 8. 

From 18th April to 17th Decemher at 15 per month. 

17th June to 14th Novemher 8 ,, 

21st Jane to 15th October 6 „ 

22nd Jane to 15th „ 4 10 „ 

Note. Allow 80 days to the month. 

Remarks. From the 18th of April to the 17th of December there are 
248 days. 

days days £ £ s 

Then. As 80 : 248 : : 15 : 121 10 ^ First man's wages 
2 11 



2)248 



121-6 
20 



100 



Proceed in like manner, and then find the sum of all the wages. It 
isJ6201 19s. 

8. What will be the N. H. P. of a cylinder whose diameter is 86", 
length of stroke 1' 8*', and making 110 revolutions per minute ? 



Formula. 
N.H.P. = 



D^V D*8x2r 



6000 6000 



Where D = diameter of cylinder ; in inches. 

V = velocity of stroke = sx 2/\ 

a = length of stroke ; in feet. 

r = revolutions per minute. 

Hence, by substitution and cancelling, we have 

40 

86x86x12x110 86x11 

N.H.P. ■•= ~ = 79-2 

6000 5 

Stroke = 18 

2 

40 ' Answer 79-2 N. H.P. 

Strokex2 = 84^ — 

12 

9. A coal bunker is 7' 8" at the top and 5' 9" at the bottom, 21' 6^ 
long, and 9' 6'' high ; how many tons of coals will it contain ; and how 
many cubic feet will you allow to a ton ? 

Q 
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Allow 45 cubic feet to 1 ton. 

Formula 

length X mean breadth x height 21*5 x 6*5 x 9*5 



Tons 



45 45 



4-8 X 6-5 X 9-5 
By cancelling = = 29*5028 tons Answer. 



7 8 top 
5 9 bottom 



2)18 



6 6 mean breadth 



10. The rectangalar bars for combustion chamber crown are 5*5" x j"; 
24" apart, length of bars 86"; what pressure will be allowed in the boiler 
if there be 8 stays ? 

72000 dU 

Formula B =. 

PL* 

Where B = boiler pressure ; in lbs, 

Z) = distance apart of bars, 

L =■ length of bars. 

d = depth „ 

t = thickness, or width. 

72000 X 5*6 X 5*5 x 8 Divide by 86 

Boiler pressure^ 8 

24x86x86x4 8 

250x5*6x5*5 

By cancelling = = 52*62 lbs. Answer. 

86x4 

11. What would the pressure be if there were 4 stays ? 

B 

Increase = — where N = number of stays 

N(N+2) 

lbs. 
62*52 B 52*52 

= Increase 2*19 

4x6 

54*71 Answer. 

12. Find the collapsing pressure on a furnace tube whose thickness 
of plate is h" diameter 8' r and length 10' 6^ 
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«• 806800 

Formula p = 

Id 

Where p =" pressure ; in lbs. 

t =* thickness of plate) . . , 

d = diameter of tube}"' "'^^^'• 

I = length ; in feet. 

7 X 7 X 806800 7 X 40816 Divide by 4 

Pressure ^-- -^-.— — ^— ^— — — ^-^— ^— i:^ ^_^>i-_ii.-__^..^_ R 

16x16x10-5x87 16x4x8x87 7 

6-0 

— = -5 .-. 10' 6' = 10-6' 

12 Answer 897*25 lbs. 



8' 
12 

sr 
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PAPER IV. 
SECOND CLASS. 

1. 70x8 — 47+48 Answer 666 

2. 70x8 — -47+ -48 Answer 669-96 

8. A tank is 82' long, 19' 6" broad, and 6' 8" high ; how long wiU it 
take to pnmp it out, the diameter of the pump being 7F, stroke 10*, 
revolutions per minute 72, double acting, if 10 per cent, be non-effective? 

From Article 16 Formula C we have the following Formula, 

length X breadth x height x 1728 



Time 



'7864 X (diameter)* x stroke x revolutions x 2 x 60 x fraction 
100 — 10 90 9 



Fraction = 



100 100 10 



Hence, by substitution in the formula, and cancelling, we have 

Divide by 12 
82 X 19-6 X 6-25 x 1728 x 10 12 

Time = 6 

•7854 x7-6x7-6x 10x72x2x60x9 2 

or 10 

82 X 8-9 X -06 6 

Time --^ = 1-9617 hours. 6 

•7864 X 1-6 X -8x9 6 

5 
Answer 1 hour 67*702 minutes. 

10 9 

Note, To multiply by — is equivalent to divide by — . 

9 10 

4. The piston is 62" diameter, steam 28 lbs. per square inch, length 
of crank 18", diameter of shaft lOj" ; what is the strain per square 
inch ? and is the shaft strong enough ? 

6-1 W a 6-1 X -7864 D'sZ 

Formula S = ' = ' 

d* d* 
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68 



Where S 
W 

= I 

D 

d 



a 



s = 



strain per square inch section of shaft, in lbs. 
weight at leverage = •7864 Z>* s. 
length of lever 
diameter of cylinder - in inches. 

„ shaft 

steam per square inch ; in lbs. 



Strain = 



6-1 X -7864 X 62 X 62 X 28 X 18 

10-6 X 10-6 X 10-6 
4716-629 lbs. Answer. 



Which is less than the Board of Trade requirements ; namely that the 
strain shall not exceed 6000 lbs. per square inch ; therefore the shaft is 
strong enough. 

6. What boiler pressure should be allowed for a shaft 12* diameter, 
cylinder diameter 60" and length of stroke 86" ? 



Formula B = 

Where B = 

d = 

D = 

S = 

Pressure — 



2880(2' 



D* S 



boiler pressure ; in lbs. 
diameter of shaft ' 
„ cylinder 
length of stroke 

2880x12x12x12 
60x60x86 



-in inches. 



Cancel ; divide by 12 

192 12 

— * 12 

6 6 

8 
Answer 88*4 lbs. 



6. An engine makes 48 revolutions per minute when the steam pres- 
sure is at 86 lbs. ; it is reduced to 42 revolutions ; what is now the 
pressure ? 



p r 

Fonnvla — = — 
. P R* 



Pr* 



P =" 



K 



.)« 



Where jp 
P 



r ~ 

R = 



P ="■ 



smaller pressure, 
greater pressure, 
smaller revolutions, 
greater revolutions. 



Fr* 



R' 



86 X 1764 



2804 



441 



16 



Answer 27*66. 
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7. The sea water is 72**, the water in the hot well is 124*» ; what will 
he the temperature of the hot well if the sea water he raised to 78° and 
you cannot use any more injection water ? 

Sea water 78" ^ Hot well 124*' 

do. 72 Add difference 6 



Difference 6 180 Answer. 



8. On starting on a voyage the consumption is 12 tons per day, 
the temperature of the funnel is 548"*, hut at the end of the voyage it is 
762'' ; what was the cause of this, and what was the consumption ? 

F tc 

Note^ Increase = 



2200 2200 

Where t = difference of temperatures. 
c = coal in tons per day. 

762** end 214 difference 

548 hegiiar^g 12 tons per day at first. 

214 difference (11,00)25,68 

2200] 

i 2) 2-884 

Cause of increase, soot and 

dirt in the tuhes and funnel. 1*167 tons increase 

12*000 tons original 



Answer 18*167 tons consumption. 

0. If the holts in a cylinder cover he 1t\ diameter, and the diameter of 
cylinder 82'', pressure 44 Ihs. per square inch ; how many holts will he 
required if the strain per square inch of their section is not to exceed 
2100 Ihs. ? 

From Article 19 Formula A we have the following Formula. 

(diameter of cover) "^ x pressure 

Numher of bolts = 

(diameter of bolts)' x strain 

Hence, by substitution, we have 

32x32x44 16x16x32x82x44 



Bolts ^ 



28 28 23 X 28 X 2100 

— X — X2100 
16 16 

4x16x82x32x44 7 28 

23x23x525 16 16 

Answer 10*88 bolts. 
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10* The I. H. P. of an engine is 696 and it uses 21 lbs. weight of 
steam per hour per I. H. P. If 1 lb. of steam on being condensed gives 
out sufficient heat to raise 1000 lbs. of water l"* Fahrenheit, and if the 
injection water has a temperature of 58" and the discharge water IDS'" ; 
how many tons of injection water are used per day of 10 hours ? 

From Article 20 formula A we obtain the following Formula 

horse power x lbs. of steam per H.P. x 1000 x 10 
Tons per day = 



2240 X difference of temperature 

696 X 21 X 1000 X 10 Divide by 50 

Hence, Tons = — ■ 20 

2240x50 8 

2 
By cancelling = 87 X 8 x 5 =" 1806 tons Answer 7 

11. If the diameter of the barrel of a wheel and axle be 9^, and the 
diai^ieter of the rope 1^", and the weight 242 lbs ; what force must be 
applied to the handle whose length is 20" ? 

From Article 21 formula B we have the following Formula 

weight X i (diameter of barrel -f diameter of rope) 



Force applied == 

Barrel 9* 
Bope li 

2)10i 

41 

5^ == - 

8 



length of handle 



Hence, by substitution, we have 

242 X 41 

Force —- = 62'0126 lbs. Answer. 

20x8 

12. If the sea water be at 64° Fahrenheit, and the water in the hot 
well at 106"* ; how many lbs will be required to condense 1 lb. of steam ? 

1149-6° — t' 

Eule. 

t'—t 

Where t ~ temperature of sea water 
t' - „ hot well 

1149.6°— 106° 1048-6° 

= ■ " 24-85 lbs. Answer. 

106°— 64° 42° 
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13. If the piston be 84" diameter, and assuming it to be 2" thick 
throughout ; what should it weigh if 8*9 cubic inches of cast iron weigh 
lib? 

From Article 10 formula A divided by the weight of 1 cubic inch we 
obtain the following Formula. 

'7854 X (diameter)' x thickness 
Weight ^ 



8-9 

Hence, by substitution, we have 

•7854 X 84- X 2 

Weight = = 466-601 lbs. 

8-9 

Answer 4 cwt qrs. 17*6 lbs. 

14. A sheet of lead 14' 6" long, 11' 9" broad, and J' thick ; what 
will it cost at 8}d. per lb., if a cubic inch weigh '4126 of a lb ? 

14' 6" 11' 9^ 

12 12 



174 inches 141 inches. 



Volume = Ibt = 174xl41xt = 9200-25 cubic inches. 
Weight = 9200-26 x -4126 = 8796-023 lbs. 

Cost = 8796'028x8} = 69 6 3-09 

Answer £59 6s. 8-09d. 
Xote, Ibt = length x breadth x thickness. 
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PAPEB V. 
SECOND CLASS. 

1. 824-^4+49 — 28x4 Answer 18. 

e._(16 — 4)- 

2. Answer 920-890625. 

4' 

8. Add together 6' ^\ 18' 9i% 7' 6}" and -14' 9^^ 

Bedace the fractions to equivalent fractions with a common denomi- 
nator, add the new numerators together and divide their sum by the 
common denominator, add the quotient to the feet and inches ; as follows 

1 1x8. 8 8 8x4 12 7 7x2 14 



2 2x8 16 4 4x4 16 8 8x2 16 

8 6 4 12)29 

12 18 9 — 

14 7 5 2 5 

11 14 9 — 

— 2ii 

16)45(2 



-82 46 5il Answer. 

IB 

16 

4. The travel of the slide is 8*5", cover 8" lead l", and stroke of the 
piston 58*; how far is the piston from the end of the stroke when the 
steam is cut off ? 

2c+Z 

Formula S = ( ) s 

t 

Where S = distance from end of stroke when steam is cut off. 

c = cover. 

I = lead. 

t = travel of slide. 

s = stroke of piston. 

2x8+* 6-125. 

Piston from end = ( ^^-)x58 = ( )x68 = 

8-5 8-5 

1-0 

— = -125 (-7206)' X 68 = 80-11788 in. Ans. 

8 
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5. What is the cost of wrought iron forging, weighing 6 cwts. 2 qrs. 
18 lbs. at 26s 9d. per cwt ? Answer £8 IGs. 11 Md. 

6. When the temperature of the hot well was 118'' Fahrenheit, the 
evaporation was 7*4 lbs. of water for 1 lb. of coals ; what will the 
evaporation be if the temperature of the hot well is increased to 165°? 

F 

Increase ~ ; where F = difference of temperatures x by 

1100 original evaporation. 

165** 

118 subtract 11,00)8,47-8 

47 '816 Increase 

7'4 multiply 7'4 Original evaporation 



188 Answer 7*716 lbs. New evaporation 
829 



847-8 = F 



7. The diameter of the cylinder is 6' 8", length of stroke 6' 6*, revo- 
lutions per minute 17) and the pressure of steam per square inch 14 lbs.; 
what is the horse power ? 

By Article 17 Formula G we have the following Formula. 

Horsepower = '0000288 x (diameter)* in inches x pressure x stroke, 

in feet X revqlutions X 2 

Note. -7854-5-88000 = -0000288. 

'Diameter 6' 8^ 

la 



In inches 75 Hence, by substitution in the formula we have 

H. P. = -0000238 X 75* x 14 x 6-5 x 17 X 2 
= 414-20925 Answer. 

8. A coal bunker is 17' 6' wide by 10' 11" high, and in 6 days a 
section of the bunker 12' long was consumed ; what was the consump- 
tion per day ? 

By Article 9 formula A we obtain the cubic feet in the tank ; which 
being divided by the cubic feet in 1 ton, and by the number of days, 
gives the following. Allow 45 cubic feet to 1 ton. 

Formula 

width X height X length 
Consumption per day = 



cubic feet in 1 ton x days 
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Divide by 12 
6-0 17-5x181x12 8-5x181 6 

_ = -5 ^ =- = 8-49074 

12 45x12x6 9x6 

1(H4 

12 Answer 8-49074 tons. 

181 

12 

Note. 11 inches may be expressed as a fradion of a foot, thus H ; 
and lOH ' may be then reduced to an improper fraction, and by being so 
the question will be put in a simpler form than by expressing 10/ 11" in 
the form of a decimal fraction. 

9. An air pump is 18^" diameter, and 16 inch stroke ; the cylinder is 
28* diameter, and 29" stroke ; is the air pomp large enough ? Should 
air pumps be larger or smaller for surface condensers ? 

By Article 10 formula A, and observing that h is the length of the 
stroke, we obtain the folloydng Foitnula 

Volume of pump — ' '7854 x diameter' x stroke = '7854 x 18-6' x 16 

=- 2290-226. 

Volume of Cylinder -7854 x diameter* x stroke -7854 X 28* X 29 



8 8 8 

= 2282-107 

The Board of Trade allow ^ of the capacity of the cylinder for the 
capacity of the air pump ; hence, in this question, the air pump is large 
enough. 

Air pumps should ,be smaller for surface condensers, because they 
have only Uie condensed steam to take' away. 

10. In a wheel and axle, the diameter of the barrel was 7" and of the 
rope 1^"; the crai^ handle was 15" long and the weight was 214 lbs. ; 
what was the force exerted allowing 15 per cent, for friction ? 

From formuli^ B Article 21 we obtain the following Formula^ 

weight X half (diameter of barrel + diameter of rope) 



Force 



length t)f handle 
21^X40625 214 X -8125 



= 57-9588 



15 8 

Barrel T 57-9588 

Bope li 15 



2)8i 2897915 

— 579588 

4t»* =- 4-0625 



100)8,69-8745 
8-694 
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\ 



16 



4)1-0 lbs. 

- — r Force without friction 67*968 

4) -26 16 per cent friction 8-694 

•0626 Force with friction 66-652 Answer. 



11. Sketch a slide valve worked by a hooped spindle, the hoop sur" 
rounding the body of the valve. The port of the valve is 18" wide, exhaus" 
port is 5i" deep, steam ports 2i" deep, bars li", steam lap 8" interna 
cover I'r, the valve is 1 J" on each side of the ports, face of valve is 1 
thick, while the rest is J" thick, the port of the valve is rectangular, and 4" 
deep. Find the weight ; allowing 8-9 cubic inches of cast iron to weigh 
lib? 

In the figure No. 8 let 

M N; represent the whole width of the valve. 

MP = Q N; the width of the valve faces. 

PQ; the valve port. 

E ; the exhaust port. 

B, B ; the bars, or bridges, 

S, S ; the steam ports. 

L, L ; the steam lap. 

The valve is represented at half stroke, the parts of the valve faces 
outside of the steam ports are called outside lap, ot outside cor ei; or steam 
lap ; and the parts of the faces, inside of the steam ports are colledinside 
lap, or inside vover. If the face of the valve do not entirely cover the 
steam ports, the part left uncovered is called inside clearance. 

To find the breadth of the valve port = P Q 

PQ -^ MN~{MP+QN) - MN—MPx2 

M N = (steam lap + steam port + bar) x 2 + exhaust port 

= (8+2J+li)x2+6i = 7x2+6i == 19i 

3/ P X 2 •= (steam lap + steam port + internal cover) x 2 

^ (8+2J+tV)x2 = (8+2t^+A)x2 = 6Ax2 = llj 

1-0 



_ :^- 


•6 


MN. - 19-6 


2 




MPx2 - 11-125 


1-0 




• 



— = -125 PQ = 8-376 breadth of valve port 
8 



FACE. 

TO FIND THE CUBIC INCHES IN THE ENDS OF THE FACE. 

For the length for calculation, we have the width of the valve port+ 
the distance on each side of the port = 18"+1J''+1J =- 20^ 

For the breadth for calculation, we have twice MP = llj" 
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And the thickness is l^ 

Hence; cubic inches = 20-6 x 11125x1 

11-125 breadth 
20-5 length 

55625 
222500 



228*0625 

1 thickness 



228-0625 cubic inches in ends of face. 



TO FIND THE CUBIC INCHES IN THE SIDES OF THE FACE. 

To find the length for calculation wo have P Q -= the breadth of the 
valve port = 8-875. 

For the breadth for calculation we have the distance on each side of 
the port = li+li =- 2^. 

And the thickness is 1\ 

Hence ; cubic inches = 8-875 x 2-5 x 1 

8-875 length 
2*5 breadth 



41875 
16760 



20*9875 

1 thickness 



20-9875 cubic inches. 



xvEC!ESS« 

TO FIND THE CUBIC INCHES IN THE WALLS. 

The length of each of the side walls for calculation is equal to the 
^dth of the valve port + twice the thickness of the wall = 18^+ ^"4- 
i = 19*" = 19*5. , 

The length of each of the end walls is = the breadth of the valve 
port = 8-875. 

Hence the length of all the walls 

= (19-6+8-875) X 2 == 55-75. 

The breadth of the wall for calculation is fouud from the depth of the 
recess+thethicknessof the back — the thickness of the face — 4"+ J" 
— r = 8*" = 8-75. 

And the thickness is i" ^ -75. 



62 
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Hence ; cubic inches = 55*75 X 8-75 x "75 



55-75 
8-75 


length 
breadth 


2090625 

-75 thickness 


27875 
89025 
16725 


10453125 
14684876 


166-796875 cubic ind 


209*0625 


4U\fV \J\JM%J 


• 



TO FIND THE CUBIC INCHES IN THE BACK. 

For the length and breadth for calculation we have the width and 
beadth of the valve port, and the thickness is i\ 

Hence ; cubic inches = 18 x 8-876 x -75. 



8-876 breadth 
18 length 

67000 
8876 



160-760 



Ends of face 228*0626 
Sides „ 20-9876 

WaUs 166-7969 

Back 118*0626 



Cubic inches 618-8694 



160*76 

-76 thickness 



75876 
106525 



118-0626 cubic inches. 



8*9)618-8694)188-041 lbs. Answer. 
89 

128 
117 



118 
117 



169 
166 



84 
89 
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PAPER VI. 

1. Express in figares, seven millions, five hundred and sixty 
thousands and fourteen. Answer 7 560 014. 

2. Add together 10 tons 2 qrs. 17 lbs. ; and 15 tons 8 cwts. 8 qrs. 
28 Ibs.y and multiply the sum by 9. 

Answer 227 tons 1 cwt. 1 qr. 24 lbs. 

8. What is the product of 9*72 x *14 x *004 

Answer '0054482. 

4. Divide the product of (8) by 9. Answer -0006048. 

5. The quantity of coals on board on leaving port is 417 tons ; the 
consumption in 14 days is 210 tons 15 cwts. 2 qr, 14 lbs. ; what 
quantity remains on board ? Answer 206 tons 4 cwts. 1 qr. 14 lbs. 

6. A coal bunker is 15 feet 6 inches long, 9 feet 8 inches high, and 
5 feet 9 inches wide ; required the quantity of coals it will contain at 
45 cubic feet per ton ? (By decimals). 

By dividing formula A Article 9 by the cubic feet in 1 ton we obtain 
the following 

length X height x width 15*6 X 9*26 X 6*76 

Formula. Tons = 



cubic feet in 1 ton 45 

Answer 18 tons 6 cwts. 1 qr. 17*11 lbs. 

7. The consumption of coal is 11 tons per day to produce a speed of 
8i knots per hour ; what is the consumption on a voyage of 1240 knots ? 

Answer 66 tons 17 cwts. 1 qr. 0*56 lbs. 

knots. knots. tons. tons. 

As 8*5x24 : 1240 : : 11 : 66-8627. 

8. If the pressure of steam on the piston be 52 lbs. per square inch 
above the atmosphere, and the barometer on the condenser shews 27 
inches of mercury ; required the effective pressure per square inch on 
the piston ? Answer 65*5 lbs. 

27 

Effective pressure = 52H = 65*5. 

2 
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t 



9. What pressure of steam in the boiler will be necessary to blow off 
the brine through the blow off cocks, the bottom of the boiler being 15 
feet below the water line of the ship, allowing a colnmn of water 2'S05 
high to eqoal 1 lb ? 

15 -T- 2-805 = 6-5 lbs. Answer. 

10. How many revolutions must an engine make to drive a paddle 
wheel 9i knots per hour, the diameter of wheel being 18 feet, and the 
knot 6080 feet ? 

Answer 1021*4 revolutions. 

6080 X knots 6080 x 9'5 
Revolutions = ■ = 



81416 X diameter 81416 x 18 

11. The pitch of the screw is 15 feet ; how many revolutions must it 
make to advance 8^ knots per hour, a knot being 6080 feet ? 

Answer 8445*8 revolutions, 

6080 X knots 6080 x 8-5 

Revolutions = = 

pitch 15 

« 

12. A safety valve is loaded to 26 lbs. per square inch by a direct 
weight of 542 lbs. ; how much would be required to be taken off to reduce 
the pressure to 19 lbs. per square inch ? 

Answer 146*9 lbs. 
> 

old pressure — new pressure 

Weight taken off = ( ) x old weight 

old pressure 

26—19 7 

= ( )x542 =- — x642. 

26 26 

18. To what height must a safety valve of 8J inches diameter be 
lifted to allow a free escape of steam equal to the area of the valve ? 

Answer 2*125 inches. 
By Article 26 formula A we have the following 

diameter 8*5 

Height lifted = = — 

4 4 

14. How maby cubic feet of water will be extracted in an hour by a 
brine pump 7 inches diameter, and IG inches stroke, making 28 strokes 
per minute, the pump being ^ full each stroke ? 

From Article 18 formula A we obtain the following Formula : 



Cubic feet = 
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•7854 X (diameter)' x stroke X number x fraction x 60 

1728 

Divide by 12 
•7854x7x7x16x28x5x60 6 

8 



1728 X 7 7 

Answer 427' 606 cubic feet. 

15. What is the horse power of an engine, the diameter of cylinder 
being 5 feet 6 inchesi the length of stroke 4 feet 8 inches, revolutions 
per minute 16, and effective pressure per square inch on the piston 
24 lbs. ? 

From Article 17 formula G we obtain the following Formula : 

HP. = -0000288 X (diameter)*inches, x 2 x stroke, feet, x 

revolutions x pressure 

= -0000288 X 66" x 85 X 16 x 24 

5' 6" 

12 Answer 888*888 horse power 

66 diameter 



4' 8- 
2 

8 6 = 8-5' stroke, in feet. 



16. If a bar of iron 1 inch square be torn asunder by a strain of 
4500 lbs.; what force will be required to break a bar 2^ inches square ? 

Answer 28125 lbs. 
Force = inches square x 4500 = 2-5x2-5x4500 
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PAPER VII. 



SECOND CLASS. 

1. 549 792 542 819 Express this in words. 

Answer. Five hundred and forty-nine thousand seven hundred and 
ninety-two millions, five hundred and forty-two thousand three hundred 
and nineteen. 

Note. Divide the figures into groups of six figures, and subdivide 
those groups into other groups of three figures. 

2. The bolts of a cylinder cover are to be placed not more than 2) 
inches kpart, eentre to centre on the circumference of the pitch circle, 
diameter of cover 28", and the bolts 1 inch from the edge of the. cover; 
how many bolts 7 

Answer 82*67 bolts. 

(28— 2) X 8-1416 26x8-1416 

2-5 2-6 

■ 

8. A single-rivetted boiler has 7 courses of 6 plates in each course, 
and each plate has 84 by 16 holes ; how many rivets ? 

Answer 2172 rivets. 

Ride, 

Rivets = (side holes — 1 ) x plates x (courses +1) 
+ (end holes — 2) x plates x courses 

= (84 — l)x6x(7+l) + (16 — 2)x6x7 
= 88x6x8+14x6x7 

4. An engine counter stood at 1046 at the commencement of the 
voyage, and after 8 d. 9 h. 12 m. stood at 632541 ; how many revolutions 
per minute ? 

Answer 52-8 revolutions. 

632541—1046 

8 d. 9h. 12. =■ 12072 minutes. ~ 52-8 

12072 

5. A tank is 8 feet 6 inches by 2 feet 8 inches, and contains 900 
gallons ; what is its height ? 

By Article 9 Formula A. 
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gallons in tank 
V = I b 7i ~ cubic feet = 



h -= 



gallons in 1 cubic foot 
gallons in tank. 



I b X gallons in 1 cubic foot 
which expressed in words at length gives the Formula : 

gallons in 1 tank 



Height 



length X breadth X gallons in 1 cubic foot 
900 



8-5 X 2-2? X 6-26 

Apswer 7 feet 0*85 inches. 

6. What are the wages of 18 men, 18 days at 8s. 8d. per day 

„ „ 14 „ 12 , „ 7s. 6d. „ 

„ „ 10 „ 15 „ 6s. 7d. „ 

Answer £218 Is. 6d. 

7. The censumption per day is 14} tons of coal, the average H. P. 
indicated is 150 ; what is the consumption per hour per H. P. ? 

2240 X 14-6 

= 9-022 lbs. Answer. 

24 X 150 

Note. 2240 lbs. = 1 ton ; 24 hours = 1 day. 

8. How many cubic feet of steam will be used per hour by a pair of 
engines, 56 revolutions per minute, diameter of cylinder 48 inches, stroke 
82 inches, and cut off at f of IJie stroke ? 

Since the engines are double acting and there are two of them, there- 
fore modify formulae A and B, Article 18 by multiplying them by 2x ^, 
and thus obtain the following 

Formula 

•7864 X (diameter)' x stroke x revolutions x 2 x 60 x cutoff x 2 

Volume = ■ 

1728 

Hence, by substitution and cancelling in the above formula we have 

Divide by 12 

4 4 7 5 12 

•7864x48x48x82x56x2x60x7x2 12 

Cubic feet = 8 



1728 


X 


8 


144 




1 


12 


. 




1 
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= -7854x4x4x82x7x2x5x7x2 



•7854 
16 = 


4x4 


402-1248 

70 =■ 7x2x5 


47124 
7854 


28148-7860 

14 = 7x2 


12-5664 
82 


112594944 
28148786 


251828 
876992 


Answer 894082*804 cubic feet. 




402-1248 





9. The indicated H. P. of a pair of engines is 280, cylinder 85 inches 
diameter, stroke 24 inches, revolutions per minute 60 ; what is the 
pressure on the piston ? 

There being a pair of engines, the H. P. of one is the half of the given 
H.P. ; and the engine being double acting by Article 17, formula I we 
obtain the following 

Formula, 

H. P. 

Pressure = -: '• 

•0000288 X (diameter) in in. X stroke, in ft. x revolutions x 2 

Hence, by substitution, we have 

115 

Pressure = 



-0000288 x 85 x 85 X 2 X 60 x 2 

Answer 16*44 lbs. per square inch. 
Note, We obtain the same answer by using formula D Article 17. 

10. The stays of a boiler are If" diameter and 16 inches apart, centre 
to centre ; what should the safety valve be loaded at so that the strain 
on each square inch section of stay does not exceed 4500 lbs ? 



Formula, 
Pressure . = 



•7854 X diameter' x strain 

apart* 
•7854x11x11x4500 



16x16x8x8 
Note. If = V Answer 26-102 lbs. per square inch. 

11. An engineer is to have 5 per cent, on the value of the coal left at 
the end of the voyage ; there were 49 tons left, value 17s. 6d. per ton ; 
what was his per centage ? 

Answer £2 2s. 10*5d. 
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EhU. 



Price X tons x per cent. 17'5 x 49 X 5 



100 



100 



12. If the total consomption of coal be 18 tons per day ; how many 
baskets, each 48 lbs. will be required in a watch of 4 hours ? 

Answer 140 baskets. 



Ride. = 



lbs. in ton x tons 



watches in day x lbs. in basket 



2240 X 18 
6x48 



13. A screw sbafb is 19 feet 6 inches over all, 10 inches diameter, 
coupling flanges 15 inches diameter and Si inches thick ;. find the weight ? 

By formula A Article 10, dividing by the cubic inches in 1 lb., collect- 
ing and cancelling we obtain the following : 



Formula, w = 



•7854 d- L+-7854 D* I -7864 {d* L+DU) 



w = 



8*6 
•1809 {d*L+D* I) 

•6 



8-6 



Where w 

d 

D 

L 

I 



"= weight ; in lbs. 

= diameter of shaft 

=-- „ flange 

= length of shaft — twice thickness flange 

- length, or twice thickness, of flange 



Hence, by substitution, we have 

•1809 (10" X 227+ 16' X 7) 



Weight = 



8ix2 = 



■6 



19' 


6- 




7 


18 


11 


12 




227 





227 
100 

22700 
+ 1575 

24275 
•1809 

218475 
728250 
24275 

•6)8177-5975 



5295-996 lbs. 



= 10* 



in inches. 



15 
15 



75 
15 

225 

7 

1575 



Answer 2 tons 7 cwt. 1 qr. 8*996 lbs. 
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14. Fill np the taholar form given below from the following state- 
ment, and say whether you consider the quantity of coal remaining to be 
sufficient for the rest of the passage. 

The S.S. " Planet ** left port on the 7th of the month for a port of 
2872 miles distant, with a stock of coals on board amounting to 162 
tons. The distance run on the successive days were 201 miles, 212 miles, 
190 miles, 194 miles, 196 miles, 198 miles, 184 miles, and 189 miles ; 
the coals burnt on the successive days were 12^ tons, 12^ tons, 18 tons, 
m tons, 14 tons, 18 tons, 12 tons, and 12^ tons. 



DAILY REPORT OF STOCK OF FUEL. 



Distance accomplished and coal 


Remainii 


ig coal and distance | 




consumed. 




• 


to run. 




1 


2 


8 


4 


6 


6 


7 




Miles 


Miles per 


Tons 


Tons 


Miles to 


Miles 


Dates 


nm 


ton 


coal con- 


Coals left. 


nm. 


per ton. 








sumed 








7th 


201 


16-41 


12i 


149-75 


2171 


14-6 


8th 


212 


16-96 


m 


187-26 


1959 


14-27 


9th 


190 


14-62 


18 


124-25 


1769 


1424 


10th 


194 


16-87 


IH 


112-75 


1575 


18-97 


11th 


196 


14-00 


14 


98-76 


1879 


18-96 


12th 


198 


15-28 


18 


85-75 


1181 


18-77 


18th 


184 


15-88 


12 


78-75 


p97 


18-87 


14th 


189 
1564 


15-48 


m 


61-50 


. 808 


18-14 


lOOi 



TO FILL UiP COLUMN 8. 
201-4-12-25 = 16-41; and so on. ' 



TO FILL UP COLUMNS 6 AND 6. 



Miles to run at first! 2872 

Miles run the first day 201 



Miles to run at end of firs t day 2171 
And so on. 



Tons at starting 162-00 

Tons burnt first day 12-25 



Tons left at end of first day 149-75 
And so on 



TO FILL UP COLUMN 7. 
2171-^149-75 = 14-5 and so on. 
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TO FIND THE DISTANCE TO GO AND THE COAL LEFT 

IN THE BUNKERS. 



mileB. 

Whole distance 2872 

Distance run 1564 



Distance to go....*. 808 



tons. 
Stock of coals at starting 162*0 
Coal consumed 100*6 



Coal loft in bankers 61*5 



TO FIND WHETHER ^HE COAL BE SUFFICIENT. 

Miles ran Miles to ran Tons ased Tons required 

1564 : 808 : : 100*5 : x 

X = 51*92 tons required 
61*50 tons in bankers 



9.58 tons over. 



■UHDunoHS oral 



PAPER vni. 

1. Express in figures, Seven tons four hnndredwei^ta one quarter 
and ome>paaudB ? Answer 7 tons 4 cwts. 1 qr. 8 lbs. 

2. A ship has to make a voyage of 1600 miles vitb a stock of coals 
of 110 tons ; after steaming 700 miles and consoming 42 tons, find 
how mach coal she will have left at the end of the voyage, steaming at 
the same rate ? 

milea milGa tons torn 

Aa700 : 1600 : : 42 



Answer 14 left. 

3. A tank 3 feet 6 inchea by 8 feet, and 2 feet 6 inches high, has 84 
gallons of oil in it ; how far is the oil from the top ? 

From ArtJole 22. formula B we have the following Formula 

gallons 84 



length X breadth x 6-25 

'.Hien ; height of tank 



oil from top 1-22 Answer. 

4. An iron plate 6 feet 9 inches by 2 feet 3 inchea, and J' thick ; 
what is its weight ? 

Every aqnare foot of iron plate ^ of an inch thick weigba 6 lbs. ; hence 
from this fact and Article 6 formula A we obtain the following Formula 

Weight = length x breadth x eighths in thickness x 5. 

5-75 long 7 eighths in thickness 

2-25 broad 6 lbs. every square foot ^ thick 

2875 85 lbs. every square foot plate 

1160 — 

1150 



12-9876 square feet 

85 Iba. every sqnare foot 




Answer 4 cwt, qr. 4-81 lbs. 
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5. A voyage of 18 days with a supply of 12 gallons of oil ; how 
many gills per day? 

gallons X gills in 1 gallon 12 x 82 

Rule, — : = 

days 18 

Answer 29^*^ gills. 

6. The tally of baskets of coals for 24 hoars was 80, 81, 85, 88, 77 
and 84 each watch, each basket weighed 52 lbs. ; what is theconsnmp- 
tion in tons per day ? 

baskets X lbs, 490 x 52 

RuU. = = 11-876 

lbs. in 1 ton 2240 

Answer 11*875 tons. 

7. A safety valve 5" diameter was loaded with dead weights, 4 of 
88 lbs. each and 8 of 75 lbs. each, the valve itself weighed 14 lbs., and 
the spindle 18 lbs. ; what is the pressure of steam per square inch on 
the valve ? 

Formula 

weight 784 

Pressure ^^ ■ . ::= _i_»_i^.^^_ 

•7854x(diameter)a '7854x25 

Answer 89*98 lbs, per square inch, 

8. A stay 15« apart, centre to centre, and is eaten away to 1^ 
diameter, the pressure is 24 l,bs. per square inch ; what is the strain per 
square inch section of the stay ? 

From Article 28 formula E, we have the following Formula. 

(apart)^ X pressure 15 x 15 x 24 



Strain = 



H ^ 



'7854 X diameter* '7854 x 5 x 5 

4 4 
1x4+1 5 



4 4 Divide by 5 

8 8 4 5 

15x15x24x4x4 8x8x4x4x4 6 



•7854x5x5 -1809 

•1809 1 1 



Answer 4400*8 lbs. 
E 



n 
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1. EA|iiesB in figuiCA, Seven tons four lumdiedweig^iB one qoftrter 
and nine*poxinds ? Answer 7 tans -i cwts. 1 qr. 9 lbs. 

2. A shqi bu to mike m Toj&ge of 1630 miles with a stock of coals 
of 110 tons ; aflfcer steaming 700 miles and consoming 42 tons, find 
how mndi coal she will have left at the end of the Tojage, steaming at 
the same rate f 



torn toot 

As 700 leOO 42 : 96 bomt on voyage 

110 stock 



Answer 14 left. 

8. A tank 3 feet 6 inches by 8 feet, and 2 feet 6 inches high, has 84 
gallons of oil in it ; how far is the oil from the top f 

From Article 22. fommla B we have the following Forwuda 

gallons 84 

Hei^ = = r- = 1-28 

length X breadth X 6-25 8-5x8x6-25 

Then; height of tank 2-5' 

oil —1-28 



oil from top 1*22 Answer. 

4. An iron plate 5 feet 9 inches by 2 feet 8 inches, and f ' thick ; 
what is its weight ? 

Every square foot of iron plate ^ of an inch thick weighs 5 lbs. ; hence 
from this fact and Article 6 formola A we obtain the following Formula 

Weight = length x breadth x eighths in thickness x 5 . 



5*75 long 
2-25 broad 

• 


feet 

ery square 


7 eighths in thickness 

5 lbs. every square foot ^ thick 

• 


2875 
1150 
1150 


85 lbs. every square foot plate 

• 
1 


12-9875 sqnare 
85 lbs. ev( 


foot 

• 


646875 
888125 




452-8125 lbs. 


Answer 4 cwt. qr. 4*81 lbs. 
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5. A voyage of 18 days with a supply of 12 gallons of oil; how 
many gills per day? 

gallons X gills in 1 gallon 12 x 82 

Rule, — ; = 

days 18 

Answer 29^ gills. 

6. The tally of baskets of coals for 24 honrs was 80, 81, 85, 88, 77 
and 84 each watch, each basket weighed 52 lbs. ; what is the consump- 
tion in tons per day ? 

baskets x lbs, 490 x 52 

Rule. = = 11-875 

lbs. in 1 ton 2240 

Answer 11*875 tons. 

7. A safety valve 6" diameter was loaded with dead weights, 4 of 
88 lbs. each and 8 of 75 lbs. each, the valve itself weighed 14 lbs., and 
the spindle 18 lbs. ; what is the pressure of steam per square inch on 
ihe valve ? 

Formula 

weight 784 



Pressure = 



•7854 X (diameter) « '7854 x 25 

Answer 89*98 lbs, per square inch, 

8. A stay 15« apart, centre to centre, and is eaten away to 1^ 
diameter, the pressure is 24 l,bs. per square inch ; what is the strain per 
square inch section of the stay ? 

From Article 28 formula E, we have the following Formula. 

(apart) ^ x pressure 1 5 x 1 5 x 24 



Strain = 



H = 



'7854 X diameter^ ^7854 x 5 x 6 

4 4 
1x4+1 5 



4 4 Divide by 5 

8 8 4 5 

15x15x24x4x4 3x8x4x4x4 6 



•7854x5x5 -1809 

•1809 1 1 



Answer 4400*8 lbs. 

* 

E 
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Wc^^ w m qiifrtan 4. 

r = -7K4 (!>«— rf«) * 

-76^ {I^— d*) kx^U -78M (S5-K>— 84S) x 18 x 581 

W€^ =^ = 

1728 17S8 

Answer 968-9169 lbs. 

6. l¥lisi is the weig^ of a psir of fanGBesSS" long ovenD, diameter 
of joomal 11 i% djamrter of seal 14* diamrter of flanges 17*, thiekness of 
each flange li* snd wei^ of 1 enbie inch of buss -8 of a lb. ? See 
figiire4. 

Totsl length of Inass 22^ 

Twiee thiekness of flange 8 

Lengthofseat 19 

/ (14* X 19+ 17* X 8)— •7854x11-5* X 22 1 x-8x2 

i J 

Answer 1888*52722 lbs. 

7. What is the wei^t of gun metal in a serew shaft liner, whose 
length is 46 inches, enter diameter 12^ inches, and thickness f of an inch; 
if a cnbic inch weigh -8 of a lb. 7 

V = -7854 (Z)«— ^«) A; in cnbicinches A 

.-. Weight = -7854 {D^—d^)hx'S; in lbs B 

.-. Weight = •7854(12-5«— ll«)x46x-8 C 

Answer 882*05788 lbs. 

8. The weight of a screw shaft liner is 882-05788 lbs., weight of a 
cnbic inch is '3 of a lb., length of liner 46 inches, onter diameter of liner 
l^i inches ; required the thickness of liner ? 

From formula B in question 7 we have 

weight weight 
2)a_^2 = ... x)2_ = ^2 

•7854 hX'S -7854 hx'S 

And thickness of liner = i {D — d) 

Weight 882-0573 

•7854 ^ X -3 -7854 x 46 x '3 



•7854 
46 


12-5 
12-5 

625 
250 
125 


10*8885! 

121(11 
121 

D 

d 


2)882-06788(85-25 
8261666 


47124 
81416 


6690228 
5419200 


86-1284 
•8 


2709680 
2167704 


10.88852 


5419260 
6419260 


1 


B = 


= d . 

=- 12-5 
= 11-0 


D2 - 


156-25 
—85-25 


2) 1-6 
— — Aim 
•76 = i 


da = 


121-00 
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9. Find the weight of a thrast block, there are 9 collars each 1^" 
thick, with 1^" space between them, diameter of shaft 10^, of collars 12", 
of seat 14" and of flanges 16", and the flanges are 1^" thick. 1 cubic 
inch weighs -8 of a lb. 

Collars li X 9 = 18f total length 

Spaces lixlO = 12i „ 

Seat 26 „ 

Flanges lix 2 =8 „ 

/ seat flanfifes collars 

Weight=-7864 1(142— 102) x 26 +(162— 102) x 8— (122— 102) x 18-5} 

X-8 

Answer 558-4194 lbs. 

10. Make a sketch of a crank for a paddle shaft, and And its weight. 

Pin boss ; pin 6^' diameter, boss 12^ diameter, and 8' across. Shaft 
boss ; shaft ^l" diameter, boss 16" diameter, and 10* across. Bar 10" 
wide at pin boss, and 12^" at shaft boss, and 6" across. Add ^ of the 
diameter of each boss to the length of the bar for the fillets, the length 
from centre to centre being 28"; 1 cubic inch weighs 8*6 lbs. See figure 5. 

Formulm 

For bosses v = -7854{(Z)2_d2) 1+(d^^^)l]\ in cubic inches. 
For bar v = lht\ m cubic inches. 
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Cnlne indies = -T8U;(12>— e-5<)x8+(16>— 9-5s)xl0> 

= 1941-1161 

BAB. 

12 16 IS 16 —36-48+ 12+ 16 

28+( + — +— ) = 28+( ) 

2 2 6 6 6 

10+12-5 

Length of bar = 18*6667; = 11-25 = mean breadtlh 

2 

Cnhie inches bar = 186667x11-25x5 = 105(H)0178. 

1941-1161 + 105(H)0178 

Wei^ of crank ^ ^ = 880-8661 lbs. 

8-6 

11. A screw shaft is 21 feet over all, and 10" diameter, coupling 
flanges 15 inches diameter, and 8 inches thick ; find its wei^ ? 

8*6 cnbic inches wei^ 1 lb. 

V = -7854 (<<> LJfl^ ; in cubic inches. 

•7854(10«x246+16«x6) 

.-. Weight = 

8-6 

Answer 5661-425 lbs. 

12. How many tons of salt water, and how many of firesh, most be 
pumped into a boUer whose area of water level is 19 feet by 10 feet, to 
raise 8 inches in the glass ? 

Ihh 19x10x8 

Tons of saltwater = — — 8*61905 Answer. 

85 85 X 12 

/6AX62-5 19x10x8x62-5 

Tons of fresh = = = 8-68428 

2240 2240 x 12 

13. An Engineer has to have 8^ per cent, on the value of the coal 
left at the end of the voyage ; there were 58 tons left at 24s. 6d. per ton; 
how much will he get ? 

price X tons x per cent. 

llxde. = = sum he will get. 

100 

24-5 X 58x8-6 

^ £2 9s. 8-82d, Answer. 

100 



EZAWNATIOMS OF BMOINEXBS. 79 



PAPER I. 

FIRST CLASS ENGINEERS. 

1. If 15 lbs. of water at 42** be mixed with 110 lbs. of water at 210°; 
what will the temperature be ? 

lbs. lbs. lbs. 

161... 15 110 



J Add 



110) ^"^ 42** 210 



p 



125 80 1100 

— 60 220 



680 28100 

28100+680 



= 189*8 Answer. 



125 



(18+7)t i/25 5 

2. = = — Answer. 

(15—12)- 8* 9 

Note. 5x5 = 25 .*'. 5 = i/25. Also 8x8 = 9 .-. 9 = 8a 

8. What is the radius of a circle whose area is 914 ? 

Formula. 

1 1 area 
Badius = — diameter = — V{ ) 

2 2 -7854 

1 814 1 



2 -7864 


2 


»0' 4 00£i) 


1168-7882(84-ll 
9 


= d 


• 


64) 268 


84-11 




266 




= 17*05 Answer. 




2 




681) 778 
681 






6821) 9282 
6821 
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4. Sketch the half of a thrast block, and give the weight ; there are 
10 collars 1^" thick and spaces between them 1^"; diameter of shaft 10*, 
of collars 12*, of seat 14^ and of the flanges 16*, the flanges are H" thick, 
and 1 cubic inch weighs *8 of a lb ? 

The shaft is a solid cylinder, and the collars, seat, and flanges, are 
hollow cylinders, and the volume of the collars is taken from the volume 
of the seat. 

By Article 11 formula A we have the following Formula, 

Volume = '7854 i (outside diameter)" — (inside diameter)^ I x length 

li^XlO = 15^ collars Ux2 = 8* Flanges. 

Ifxll = 13i spaces 

28} seat. 

Hence, by substitution in the formula we have 
Volume = 

fseat shaft flange ' shaft collar shaft ') 

(14'_ 10') X 28-76+(16'— 10^ X 8 — (12'— 10*) x 16} 



10 shaft 
10 


14 seat 
14 

56 
14 

196 
100 

96 

Cul 
Wei( 


28-75 
96 


16 
16 

96 
16 

256 
-100 

156 
8 

468 

• 

lbs. 


flange 


12 collar 
12 


100 


17250 . 

26875 


144 
100 




2760-00 
+468 

8228 
660 


44 
15 

220 

44 




2568 


660 




2568 
•7854 


• 




10272 
12840 
20544 
17976 






)ic inches 2016-9072 
5ht of 1 lb. -3 






Answer 605-07216 





5. An iron girder A B 17 feet long weighs 14 cwts, with a weight 
W of 8 tons at 7 feet from A, and another weight W of 4 tons at 8 feet 
from B ; And the pressure borne at the supports A and B. Figure 8. 
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Since the weight of the girder is in cwts., reduce the weights W, W 
to owts. Also find the distance from the weight W to B ; thus 

W 8 tons W 4 tons AB 17 

20 cwts 20 cwts AW 7 

W 160 cwts W 80 cwts W B 10 

Suppose the beam be suspended by a force F acting upwards at A, and 
the support at A be removed, and at first we shall not consider the 
weight of the beam ; then we have 

Force F x distance A B = weight W X distance W J3+ weight TF' X 

distance W B, or 

Fxn -= 160x10+80x8 
■= 1600+640 

cwts. weights 
160 W 
80 W' 
14 Beam 
= F — 

= i weight beam 254 Total 

188II on A\ 

= weight on A l-Ans. 

115iV on B) 



1600 




640 






cwts. 


17)2240( 


181« 


17 


7 


64 


18811 


61 
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18 

6. What pressure is allowed on a plate in the combustion chamber 
when the thickness of plate is f, and the stays are 12" apart ? 

60(r+l)a _ 60(r+l)a 

Formula, B = "" 

S—6 Da— 6 

Where B = boiler pressure ; in lbs. 

T = thickness of plate ; in 16ths. 

8 = surface held up by 1 stay ?= D^, 

D =^ distance stays are apart ; in inches. 



Pressure = 



10 
60(6+1)2 60x49 10x49 

144—6 188 28 

28 



Divide by 6 



8x2 6 12 =^ D 

= -; 12 

8x2 16 — 

144 = Da 



Answer 21*8 lbs. 
h 
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■ 

7. What would be the smallest diameter of stay in this case ? 

Formula, d^ = .•. d -= V{ ) 

•7864 8 -7864 « 

Where d — diameter of stay *i . jngi^gg 

D = distance stays are apart) 

p = pressnre per square inch on plate .) . ,, 

5000 = s = strain per square inch section of stay) 

21-3x144 

Square of Diameter = =^ '781064. 

•7864 X 6000 

Diameter = -883. 

7-064 

Answer of an inch. 

8 

« 

8. A steamer's bunker is filled with 66 tons of Welsh coal, and 
which are sufficient for a voyage of 1020 miles, and Lancashire coal is 
to Welsh, for space, in the ratio of 44 to 41, and for quality, in that of 
8*8 to 10 ; what distance would the ship go if the bunker were filled 
with Ltocashire coals ? 



44 


• 

• 


41 : : 


1020 miles 


10 




8-8 


102 


440 




828 
828 




44 




360-8 




11 


11 


90-2 
102 

1804 
9020 






.)9200-4 




Answer 


836-4 miles. 





Note. In this solution, the first and third terms are cancelled by 
dividing each of them by 10 ; then the new first term and the second 
term are cancelled by dividing each of them by 4. 

9. The temperature of the water in the hot well is 106°, and the vacuum 
in the condenser is 11-76 lbs. ; but from some cause the temperature 
rises to 187°; what will the vacuum be ? 
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{T—t) (T— 60**) t— 60°) 

Rule. = decrease of vacuum. 

100,000 

IVhere T = greater temperature 
t = lesser ,, 

(187°— 106") (187**— 60°) (106°— 60°) 

Therefore = = 1*681 lbs. 

100.000 

lbs. 
Old vacuum 11*76 
Decrease 1*631 



Inew vacuum 10*219 Ans. 



10. An engine is going 64 revolutions per minute, and the mean 
effective pressure of the steam is 20 lbs., but from some cause the vacuum 
is lowered 2 lbs. while the steam is the same ; how many revolutions 
will the engine now make ? 



IbB. 


lbs. 


lbs. 


rev. 


rev. 


Pressure 20 


20 


: 18 : 


: 642 


: a;2 


Loss of pressure 2 











Effective pressure 18 

18x642 

Therefore a;2 = = 2624*4 

20 

Therefore « = -v/ (2624*4) = 61*2 

Answer 61;2 revolutions. 

11. There is £160 for salvage to be divided among three engineers : 
the chief engineer gets ^, and the second -^ ; what fractional part 
would the third get, and what would be each man's share ? 



9x6 45 3x8 


24 9 3 


46 24 


69 


16x6 80 10x8 


80 16 10 


• 80 80 


80 


80—69 11 


• 

third's share. 






80 • 80 
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9. If P == gross pressure at the beginning of the stroke 
R = times the steam is expanded. 

18—22 -85 

Then, Px( 1 — ) — ^back pressure = the inean effective pressure 

40 R 

Question, What is the H.P., if the diameter of the cylinder be 66", 
stroke 86*, steam gauge shewed 45 lbs., steam cut off at 10", revolution 
82 per minute, and back pressure 8*8 lbs, ? 

p = 45+16 = 60. 
R = 86-7-10 = 8-6. 

18—8-6 -85 

.-. 60x( +— )_8-8 = 81-96. 

40 8-6 

•7854 X 662 X 81-96 X 8 X 82 X 2 
H.P. = 



• • 



88000 

- 686*169 Answer. 

10. A rectangular bar is 14 square inches in section and 42 inches 
long, there is a weight of 8500 lbs, at its end ; the strain is 12000 lbs ; 
what is the depth of the bar ? 

StrainxBxDxD 

Rule. = =■' Wl 

6 



-in inches. 



Where B =■ breadth^ 

D = depth 

I = length , 

W '■= Weight ; in lbs. 



Since the breadth x depth = 14, tot BxD put 14, and proceed as 
follows. See Article 6 page 18. 

Btramxl4xl> 

= Wxi 

6 

exWxl 6x8500x42 

••. D = = = 5-26 inches. 

Strain x 14 12000 x 14 

11. In the last question, if the breadth be 2^ inches, depth 4 j^ inches, 
length 42 inches, and weight 8800 lbs. ; what will be the sh*ain per 
square inch section of stay ? 

From the first formula in the previous question we obtain as follows. 
See Article 6 page 18. 

exWxl 6x8800x42 

Strain = = = 18915-55 lbs. Answer 

BxDxD 2-5x4-5x4-5 
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EXAHINATM PAPERS AS GIVEN BEFORE 1876. 

FIRST CLASS ENGINEERS. 

PAPER V. 



1. Find the side of a square whose area is 14884. Answer 122. 

2. Some repairs to the engines occupied 2 men 7 weeks and 1 day, 
and have cost £25 16s. for wages ; some larger repairs are necessarjr, 
which it is expected will occupy 10 men for 12 weeks 8 days ; how 
much will he required to pay them at the same rate of wages ? 

Note. In this question 6 days are reckoned to 1 week. 

^ 2 men : 10 men : : £26 16s. ; £225 Answer. 
48 days 75 days 

66 750 



8. Bequired the weight to he placed on the end of a safety valve 
lever to be equal to 18 lbs. per square inch on the valve, the diameter of 
valve being 6 inches, the distance from the fulcrum to the valve 8 inches, 
and from the valve to the weight 13 inches ? 

The effective weight of the lever is 62 lbs., and the weight of the 
valve 11 lbs. 



Formula, W = 



/.Weight on end = 



{{'786id^p)—{W'+w)}l 
L+l 

{(•7854x86x18)— (62+11)) x8 



18+8 

Answer = 81-7886 lbs. 

Where W = weight at end of lever ] 

W == weight of lever . „ 

— „«i,r^ Mn lbs. 

w = „ valve 

p = pressure per square inch) 

d = diameter of valve 

L = distance from valve to weight 

Z = 9, „ fulcrum 



• in inches. 
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4. Required the weight to be placed on a doable beat valve to be 
equal to 18 lbs. per square inch, the diameter of the valves being 6i and 
Bi inches ? 

Formula. Weight = -7864 (2)«—rf«)x pressure 

Where D -■ diameter of larger valve 
d --= „ smaller „ 

Hence; weight = •7864(6-6«— 6-5«)xl8 = 169-6464 lbs. Ans. 

5. What is the total pressure on the flat bottom of a boiler 18 feet 
11 inches by 6 feet 10 inches, the pressure of steam in the boiler being 
16 lbs. per square inch, and the height of water in the boiler 6 feet 
8 inches ; also the number of stays 1^ inches in diameter required, so 
that every square inch section of the stays shall bear 4500 lbs. ? 

h 
1 6 ( +p) 

P 2-806 
Foiitiula, n = = — '-■ 



'7864 da « -7864 da » 

Where n = number of stays 

P = total pressure 

p ~ pressure of steam 

8 = strain on every square inch of stay ^ 

h = height of water ; in feet. 

I = length of boiler 

b = breadth „ 

d = diameter of stays 



-in lbs. 



•in inches. 



227 X 82 X 18-71 
Hence ; stays = "^ 



•7864x1-6x1-6x4600 

. (Total pressure 848267-94 lbs. 

Answers jg^yg 48-8 

6. Bequired the heating surface in the tubes and tube plates of a 
boiler, the tubes being 8 inches in diameter, 8 feet 9 inches in length, 
and 262 in number, and the plates 1,2 feet 10 inches long by 9 feet 
4 inches wide ? 

8-1416 d 1 71+ {L tt'— '7854 d^ ii) x 2 

Formula, h = 

144 

Where h = whole heating surface ; in square feet. 

d •= diameter of tubes \ 

I =z length ,, (• • >i Q 

L = length of plates 

w = width ,, 

n = number of tubes. 
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Hence ; heating surface 

8-1416 X 3 X 106 X 262+ (154 X 112— -7854 X 9 x 262) x 2 

144 
Answer ~ 2014*22 square feet. 

7. The pitch of a propeUer is 16 feet, making 56 revolutions per 
minute ; what will he the progression of the propeller ; and the rate of 
the ship allowing 15 per cent, slip ? 

pitch X revolutions x 60 

Rule 1. = = progression. 

6080 

Rule 2. - progression — per centage = rate of ship. 

16x66x60 

Hence. = 8*84 knots ; progression. 

6080 

8-84 X 16 

And 8*84 — = 7*51 knots ; rate of ship. 

100 

8. Sea water contains -^ of solid matter, and the water in the boiler* 
is not to contain more than ^ ; what proportion must the quantity 
blown off bear to the quantity evaporated ? 

As 1 to 2. 
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PAPEB VI. 



FIRST CLASS 



1. The effective pressure per square inch on the surface of a piston 
is 56 lbs., the total pressure is 14^ tons ; what is the diameter of the 
piston ? 

Formula. 

tons X 2240 14*5x2240 

diameter = \/( ) -= V{ ) 

•7854 X pressure '7854 x 56 

Therefore, diameter = 27*17 inches. Answer. 

2. If the drag of friction be '042 of the pressure, what H.P. is 
expended in the friction of a thrust bearing with 8 collars, the mean 
diameter of the collars being 12^ inches, the shaft making 60 revolutions 
per minute, and the average pressure being 6^ tons ? 

2240 X tpns X friction x 8*1416 x diameter x revolutions 

Buie. H.P. = 

12 X 88000 

Answer 8*68 horse power. 

8. If the di*ag of friction be *082 of the pressure, and if the pressure 
of the connecting rod on the crank pin be uniform ; what per centage of 
that is lost by friction on the crank pin, the stroke being 86 inches, and 
the diameter of the crank pin 10 inches ? 

8*1416 X diameter x friction x 100 

Rule. Per centage '-- 

12 X 2 X stroke (in feet) 

8*1416 X 10 X -082x100 

Therefore, per centage = = 1*896 Ans. 

12x2x8 

• 

4. If the maximum strain to be allowed on iron be taken as 9000 lbs. 
per square inch ; what should be the depth at the fulcrum of an iron 
lever whose thickness is 2^ inches, to support i ton at the extremity, the 
lever arm- being 24 inches long ? 

6 X weight X length of lever 

Formula, Square of depth = — 

strain X thickness of lever 



• ' 
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PAPER VI. 
FIRST AND SECOND CLASS. 

1. (9— 8)«+V'f2(24 — 4«)) = 6«+v^f2(24 — 16)| 

^ 86+^/(2x8) = 86+^/16 = 86+4 = 40 Ans. 

2. Molesworth in his 17th Edition, at page 258, says, the feed water 
should he ahout '07 cuhic feet, or nearly i gallon per N.H.P. per minute 
for condensing engines. 

If 1 Ih. of coal evaporate 8 Ihs. of water, how many lbs. of coal will be 
required to evaporate the above allowance per N.H.P. per hour ; also 
consumption of coal per N.H.P. is 10 lbs. per hour ; what is the weight 
of feed water used as steam per minute ? 

62*5 lbs.; weight of 1 cubic foot of fresh wat.er. 
'07 cubic foot of feed water per N.H.P. per minute. 

4*875 lbs. of water ,, „ 

60 



8)262*500 lbs „ „ per hour. 

82*8125 lbs. of coal per N.H.P. per hour. 



10 lbs. of coal consumed per N.H.P. per hour. 
8 lbs. of water evaporated by every lb. of coal. 

6,0)8,0 lbs. of water evaporated per N.H.P. per hour. 

If = 1^ lbs. of water used as steam per minute. 



8. In altering the pitch of a screw propeller it is found that when the 
mean effective pressure of the indicator diagram is not altered the product 
of the pitch, and the square of the knots per hour is not altered. Pitch 
was 16 feet this was changed to 18 feet, then it was found that the knots 
had changed from 10 to 9*4. 

We have 16 X lO^ *= 1600 and 18x9-42 = 1690-48. 
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Fahrenheit. The di£ference hetween the temperature of 87 Ihs. of steam 
and 55 lbs. of steam is 20''; in what time will the pressure rise from the 
former to the latter pressure if all the valves are shut and the fires in 
action ? 

length X breadth x depth x difference 
Rule, Time in minutes = 



526x11-5 

17-5 X 18x10-5x20 

Therefore; time = == 10*9665 minuter. 

625 X 11-5 

Answer 10m. 67*89s. 

Notei Formula A, Article 28, has been used in the solution of this 
question, on the supposition that the water in the boiler was salt. 

If the water be fresh, use formula B, namely : 

lbdtx2'5 



Time = 



8X4X0X112 

17-5 X 18 X 10-5 X 20x2-5 

8 x4x 11-5x112 

= 10 min. 41-98 see. Answer. 



104 SZAHINATIONB OF EnQINEBBS. 



PAPEB I. 
FIRST AND SECOND CLASS. 

(24+25)i 49i 7 

1. = — = — Answer, 

(14—11)2 32 9 

2. A bonus of £160 has to be divided among three engineers in the 
proportion of their wages, A's wages are £180, B*s £100, and C's £60 ; 
what share of the £160 will each man get ? 

Wages £ a. 

180x160 

A's 180 A's share of bonus -^ = 71 14JJ 

B's 100 290 

C's 60 100x160 

B's do. = ■= 56 8*4 

Total 290 290 



60x160 

C's do. ■= = 88 2A 

290 

Total bonus = 160 



8. A steam pipe is 18" diameter, and it goes inside the boiler, the 
part inside has slots 7" long and i" wide ; how many slots must there be 
to make an area equal to double the sectional area of the pipe ; and what 
are those slots for ? 

twice sectional area of pipe 
Number of slots = 



area of slots 
•7854x18x18x2 -1122x18x18x2 



= 151-694 Ans. 



7 X -25 -25 

The slots are to prevent priming. 



4. Make a sketch, and find the weight of a T headed piston rod for 
an oscillating engine ; the dimensions of the rod are : length over all 
12' 4" diameter 8", the T head is 31" long, 10" wide, and 5" thick. 

Length over all 12' 4" (-7854 x 8^ x 148)+(31 x 10 x 5) 

Thickness of T head 5 ■ = 2427-2171bs 

3-6 

Length of rod 11 11 

12 Answer 1 ton 1 cwt 2 qrs. 19-217 lbs. 

Length in inches 148 
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By Articles 9 and 10 the formoIaB for the solution of this question is: 

•7864 d^L+l b h 

( ) =• weight. 

cubic inches in 1 lb. 

See figure 14. 

6. Note. The pressure on the guide has the same proportion to the 
pressure on the piston as the length of the crank has to the length of 
the connecting rod. 

Question. The piston is 49^ diameter, pressure 30 lbs. per square 
inch, length of crank 24," and that of connecting rod 8' 4", the guide 
block is 12" by 10"; what is the strain per square inch on the guide 
block ? Make a sketch of it, shewing the position of greatest strain. 

Length of rod 8' 4" 

12 •7864x49^x80 = 66672-362 lbs. on piston. 

Length in in. 100 

As 100" : 24" : : 66672-362 : 13677-8669 ; on block. 

Area of block 12" x 10- = 120. 

18677'8669-5-120 = 113-1447 lbs. per square inch Answer. 

A formula for the solution of this question may be investigated as 
follows : — 

Let 8 = strain per square inch section of guide 

X ~- total pressure on the guide in lbs. 

y = n piston = 7S5id ^ p^ 

c = length of crank pin 

r — „ connecting rod I .". , 

I = ;; guide block !•«> inches. 

h = breadth „ 

c y -7854 d^ p c 

Theno? i y i i (^ \ r ,\ x =i — — 

r r 

Hence we have the Fm*mula 

•7864 d^pc -7864 x 49 X 49 X 80 x 24 

« = =r = 113-1447 lbs. 

Ihr 12x10x100 

See figure 13. 

6. A safety valve is 6^ diameter, and has a spiral spring 6" diameter, 
outside and f " thickness of steel ; what is the pressure per square inch ? 

O 



106 sxaiunatioiis of enoinbbbs. 

8000 S« 
jl^^ = Total weight. 



Where 8 =^ thickness of steel 

d = diamet'er of spring, from centre to centre. 

Now, if the total weight, or pressure, be divided by the number of 
square inches in the area of the valve, the quotient will be equal to the 
pressure on every square inch of the valve ; hence for the solution of 
the question we have the following /ormw/a : 

8000 S8 

Pressure = ; where D = diameter of valve. 

•7864 D2 d 

Hence, by substitution and cancelling we have 

8000x7x7x7 



Pressure - 



•7854x6x6x8x8x8x8|f 

8000x7x7x7x8 
•7864x6x6x8x8x8x83 

126x7x7x7 



•7864x6x6x33 



= 46*96 lbs. Answer. 



Note. 6" diameter of spring 
^ thickness of steel 

d =1^ = %^ 



7. The boiler contains 68 tons of fresh water on starting on a voyage, 
the water in the hot well, through some leak, is ^th the saltness of 
the sea ; how many tons of water must have evaporated during the 
voyage, there having been no blow off, the boiler water at the end of the 
voyage being 2*3 times the saltness of the sea water ? 

68 X 9 x 2*3 = 1200*6 tons Answer. 

8. A slide valve has 8^" travel, 2^''lap on the steam side, and ^ lap 
on the exhaust side, and ^"lead; to what extent is the exhaust port open 
when the piston is at the extreme end of the stroke ? 

Steam lap + lead — exhaust lap = exhaust open. 

113 2+2—3 

2—+ = 2 = 2,^^ Answer. 

8 8 16 16 
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9. Note, The weight of gteam that will escape into a space in 
which the pressure does not exceed 58 per cent, of the gross pressure of 
the steam is, in 70 seconds, just equal to the gross pressure of the steam 
upon an area equal to the area of the orifice ? 

There is a crack in the metal between the low pressure cylinder ex- 
haust port and the steam jacket, the sectional area of which is equal 4*2 
square inches, and the steam in the jacket is 65 lbs. by guage ; if 1 lb. 
of coal produce 9 lbs. of steam, what is the loss in steam and coal in 
24 hours. 

Let a = area of section of crack. 
g = gross pressure. 

sec. see. lbs. lbs. lbs. 

QOag 6 

Then 70 : 60 : : a ^ : ■- = — a ^, in 1 minute. 

70 7 

a^f x6x60x24 

Hence ; tons in 24 hours — — '55102 a g, 

7 X 2240 

Hence we have the formula. 

Tons = -55102 a g 

65 guage 

15 atmosphere 

80 = // -56102 X 886 =- 185-1427 tons ; loss of steam. 
4-2 = a 185-1427 ■^9 = 20-5714 tons; loss of coal. 



8860 = ag 

10. If 1 lb. of steam condensed raise 1000 lbs. of water 1*" Fahrenheit, 
and if the temperature of sea water be 58"" and that of the discharge 
water be 92 ; what weight of water will be required to condense the 
steam escaping by the above crack ? 

The sea water goes into the condenser at 58° F., and comes out at 
92° F., it is therefore raised 92"— 58° = 84°. 

Now, if 1 lb. of steam raise 1000 lbs. of water 1°, then it will require 
84 lbs. of steam to raise 1000 lbs. of water 84°. 

lbs. steam lb. steam. lbs. water. lbs. water. 

1000 X 1 

And 84 : 1 : : 1000 : 

84 

The following is the general Formula, 

tons steam x 1000 
Tons water = 
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Where T = greater temperature of the water. 
t = lesser „ „ „ 

186-1427 X 1000 

Therefore = 5445*878 tons water Answer. 

92—58 

11. A Second Glass Engineer has, through his carelessness, rained 
the comhnstion chamber top, and the law courts have ordered him to 
pay the cost of the repairs, amounting to £58 ; his wages are 56 shillings 
per week ; his owners agree to accept payment by instalments of ^^th of 
his weekly pay ; how many weeks will it take to pay it, and how much 
will be the last instalment ? 

8. B. £ week. weeks. 

7)56 8 : 58 : : 1 : a; 



8 



ld2f weeks ) . 

4 shillings last instalment j^swer. 



12. The piston has 2842*48 square inches of area ; find the length 
of a shoe 15" broad, allowing 10 square inches of piston to 1 square 
inch of shoe ? 

2842*48 -^ 10 = area of shoe. 

284-248 -f- 15 = 18'*9499 length of shoe Answer. 
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PAPEK II. 



FIRST AND SECOND CLASS 



1. Subtract the first line from the third line, and divide the remainder 
by the sixth line. 

•0007 

•000017 

•004724 

•897 

•24 

'0725 Answer '0555. 

2. There are 2 pistons of 81" and 59" diameter, at 80 circular inches 
per N.H.P., and 1650 square feet of e£fective surface in the condenser: 
how many square feet of condenser surface is that per N.H.P.? 

812 + 592 

N.H.P. = = 148-066. 

80 

Square feet per N.H.P. =-- 1650^148-066 = 11-14 Answer. 

8. Find how many tubes there are to a fire grate 5' 4' by 8' 8", length 
of tubes 6' 1", and 8" diameter ; there are 15 lbs, of coal burnt per square 
foot of fire grate, and 1 lb. per square foot of tube surface ? 

5 ' 4"; 8' 8"; 6' 1"; 64 x 89 x 16 

12 12 12 = 54-42 tubes Answer. 

— — — 8-1416x8x78 
64 89 78 

4. If 1 lb. of coal evaporate 7-8 lbs. of water, when the guage is at 
56 lbs., how many cubic feet of steam will this be for 1 lb. of coal ? 

410 + P-r-4 

■ = cubic feet of steam from 1 lb. of water. 

P+1 

410+P~4 

.*. ( ) X 7-8 = cubic feet of steam from 7-8 lbs. of water. 

P+1 

Where P =■ gross pressure. 
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410+17-75 

.•. ( ) X 7*8 = 46*84 cubic feet of steam Answer. 

72 

5. Instead of using 8^ gallons per day of oil at 8s. 4d. per gallon, 
you use 6^ gallons per day at 4s. 6d. per gallon ; what difference of 
expense is there in 84 days ? 

gall. gall. 8. d. £ s. 

8-6x84x8 4 •=. 119 

6-6x84x4 6 = 183 17 



DijQTerence = 8 17 Answer. 



6. What proportion of area does the steam pipe of 9" diameter bear 
to that of the cylinder of 46" diameter ? 



Area of pipe 


a 
A 

1x1 

5x5 


•7864 d2 d^ 92 


Area of cylinder 
92 9x9 


•7864 2)3 pa 46^ 

1 

— — Answer ; or as 1 : 26 
26 


452 46x46 ~ 



Where a = area of pipe d -• diameter of pipe. 

A = ,, cylinder D = ., cylinder. 

7. Find the safe working pressure to be carried in a circular boiler 
whose diameter is 11 feet 6 inches, and thickness of plate ^f of an inch, 
seams double rivetted ? 

sx2r 
Formula, P = A 

d" 

Where P = bursting pressure per square inch, supposing there 

were no seam. 
6" =^ 23 tons x 2240 lbs. in 1 ton ■■= 61620 strain ; in lbs. 
t" = thickness of plate ) . . , 
c{' — diameter of boiler^ 

For double rivetted seams ; take 70 per cent, of the above. 
„ single ,, 50 „ „ 

Take from one-sixth to one-eighth of the bursting pressure for the 
safe working pressure, according to quality of material and workman- 
ship. 

Suppose one-sixth be taken, then formula A may be modified as 
follow, where P is the safe working pressure: 
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Divide by 10 

8x2fx70 61620x2x16x70 10 

p = = 8 

6x<rxl00 6x188x16x100 8 

11' 6- 2 

12 644x6x7 

— by cancelling = =- 81*67 lbs. per sq. in. Ans. 

188 6x46 



The safe working pressure may be found as follows : 

^ = thickness of plate = *9876 in decimals. Shift the decimal 
point three places to the right hand, and divide by the diameter of the 
boiler ; in feet, as follows. 

4)16 ll-6)987-5(81-62 lbs.; which only diflfers -16 lb. from 



16 



4) 8-76 



920 the former answer. 



176 



•9375 115 



600 
676 

260 
280 



8. A coal bunker is 22' wide at the top, 19' 6" wide at the middle, 
and 18' 6" wide at the bottom ; how many tons will it hold if it be 27' 
long, and 17' 6" high ? 

TOde at top 22-0 Wide at middle 19-6 
4 times wide at middle 78*0 4 
Wide at bottom 18*6 



6)118-5 
Mean width 19*75 



4 times 78*0 



Mean width x length x height 19*75 x 27 X 17*5 



= 207-875 



45 45 

Answer 207*875 tons. 

9, What lifi; will a steam valve have when the area of escape is ^ the 
area of the valve, the diameter of the valve being 6^^ inches ? 

Area of escape of steam = 8*1416 dh = surface cylinder. 
Area of valve = '7854 d^ ~ area of circle. 
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7864 d^ d 



n 


8-1416 dx8 


4 


X8 




Hence, we have the Rule. 








Height of lift - 


(diameter x fraction of 


area)H 


-4 




6-5x1 










4x8 




8)6-5 










4) -8125 











Ans. -208126 = ^ = ^ of an inch nearly. 

10. A cylinder port is 22" long x 2i'' broad, the valve has li" lap, 
the travel of valve is T; find the greatest area the valve is open for 
steam ? 

Rules, 

Lap+port — travel-7-2 = port not open A 

Port — portnotopen = port open for steam B 

.-.By A. 1J+2J — 8i = f = portnotopen. 
And by B. 2J — J = 2 = port open for steam. 

Therefore, area = 22 x 2 = 44 square inches Answer. 
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PAPEK in. 
FffiST AND SECOND CLASS. 

1. If the pressure by guage be 62 lbs., Siiid the area of the water 
level in the boUer be 144 square feet, how long would it take to lower 
it 8" through a ^ rivet being blown out of the ash pit ? 

Rule, 2i d^ VP = cubic feet of water blown out per minute. 
Hencei we have the following Formula. 



Time ; in minutes = 



cubic feet of water lowered 
cubic feet of water blowti out per minute 
144x8 



2id^V Pxl2 

Where d = diameter of rivet 
2i = i -P = pressure by guage 

V62 = 7-874. 



144x8 



Time = 



fxJxJxl2x7-S74 
144x8x2x8x8 12x8x8x8 



6x7x7x12x7-874 5x7x7x8-987 

= 6-8697 minutes — 6m. 22*182sec. Answer. 
Note. This is not a second class question. 

2. It takes 800 lbs. at a leverage, of 12' to break a stud 1" diameter, 
what weight would be necessary to break a i" stud at a leverage of 20^? 

800x12x8x8x8 10x8x8x8x8 

= = 202*6 lbs. Answer. 

20x4x4x4 4 

8. What is the weight of a cast iron ball 9" diameter, if a cubic inch 
weigh -267 lb. ? 

Formula. Weight = cubic inches X weight of 1 cubic inch 

=■ (-7864 X 93 X f) X -257 = 98-098 lbs. Ans. 

P 
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4. The inside diameter of a condenser tube is f", there are 2^ square 
feet of snrface per I.H.P., the tubes are 6 feet long, there are 800 lbs. 
of cold water per I.H.P., and it circulates 8 times through the tubes ; 
find the velocity of its passage ? 

LTP 
TtuU. V = . 



80 DS 



Where V = velocity in feet per minute 

L = length 

T = time the water circulates 

P = lbs. of cold water perLH.P. 

D = diameter of tubes 



8 = surface. 




• 

6x8x800 


6x8x800x8x2 

• 


80x|xf 


80x7x5 


6x8x2x8x2 


676 

= = 82-2867 feet per 

7 minute Ans. 


7 



6. Steam is carried for 22" of the stroke, and there is H" clearance, 
the guage shows 60 lbs.; if the steam of one stroke were condensed, what 
would be the thickness of the layer of water, in 16ths on the top of the 
piston ? 

P+1600 

(Stroke + clearance) -= = T 

P+1 

Where P — gross pressure 

T = thickness of layer of water in 16ths 

1676 23-5x76 

.-. (22+l•6)-^ ^ = 1-07 Answer in 16th8. 

lbs. 76 1675 

Guage 60 
Atmo. 16 

Gross 75 



6. Diameter of the high pressure piston 87, stroke 85", steam carried 
for half the stroke, there are 1290 cubic feet of steam capacity in the 
boiler ; how many strokes will be required to carry that amount off ? 

cubic feet of steam in boiler 
Number of strokes = 



cubic feet of steam drawn every stroke 



EXAMINATIONS OF ENGINEBBS. 115 

1290 1290x1728 



7854 d« lialf-stroke -7854 x 87 X 87 X 17*5 



1728 

258 X 288 

By eaneelling = = 118*5 Answer. 

•1809 X 87 X 87 X 8-5 

7. If *4586 Eilogramnes = 1 lb., and you pay £11 17s. 4d. for 
250 kilos, of tallow, how nrnch will yon pay per lb.? 

Kilos. 250-0000 

■-= lbs. tallow '.•. — 551'151bs. 



Kilos, in 1 lb. -4586 

pence 2848-00 

jeil 17s. 4d. - 2848 pence. = = 5-17d. Ans. 

lbs. taUow 551-15 

8. 24 — V16 —(9+11)8 = 24 — 4 — 400 = — 880 Ans. 

9. Five Boilers with 4 furnaces in each, there are 2 lengths of bars, 
and 16 bars in each length, each bar weighs 40 lbs.; what would a full 
set cost at 7s. 8d. per cwt.? 

boilers X furnaces x lengths x bars x weight in lbs. -t- 112 x price 

40 5x4x2x40x7-25 £ s. d. 

= 6x4x2xl6x — X7-25 = = 82 17 If 

112 7 

10. What is the pressure per square inch, when the temperature is 
82*" Fah., and the barometer shews 28^ inches of Mercury' ? 

4907 X^ 49p7x28-5 

Bule. = = 15-802 lbs. Ans. 

9057+ temperature 9057+82 

11. A screw shaft is 21' 9" over all, and llf diameter, the coupling 
flanges are 17^ diameter, and 4" thick, there are 5 holes in each coupling 
2^" diameter ; what is the weight of the shaft ? 

(rf« L+D^ I — d^ Zx5)-7854 

8-6 

ll-6a X 258+17-5 x 8 —2-62 x 8 X 5) x -7854 

8-6 
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21' 9" over all 

8 = 4 X 2 = i Answer 8 tons. 9 cwts. 1 qr. 28-6697 lbs. 



21 1 
12 



258 inches = L 



12. A coal banker is 24 ' at the top, 21' at the middle, and 16' at the 
bottom, it is 18' long, and 12' high ; how many tons coal will it hold 
at 45 cubic feet, per ton ? * 

24+(21x4)+16 

= 20-667 =■ mean breadth 

. 6 

Mean breadth x length x height 20-667 X 18 X 12 Ans. 

= = 99-2 tons. 

45 45 
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PAPER IV. 



FIRST AND SECOND CLASS. 



1. \/(20+16)— (4+7) = 6—11 = —6 Answer. 

2. What is the radius of a circle whose area is equal to that of a 
rectangle whose sides are 6868*7 by 574*5? 

6868-7 X 574*6 

radius = diameter -r- 2 =V{ )■^2 = 1120*8 Ans. 

•7854 

8. ^ of one-9th part of 86. 

Ax.ix¥ = i •= If Answer. 

4. A balance weight of a crank weighs 14,000 lbs. the effective 
radius is 1*5 feet, and making 90 revolutions per minute, there are two 
bolts to hold it ; what diameter must it be when the strain is not to 
exceed 5000 lbs per square inch of its section ? 

Formula, = centrefugal force in tons 

5870 

Where R = revolutions, d = 2 radius. 

90x90x8 90x9x8 

• = 4*14 nearly 



5870 587 

14000x4-14 4-14 

And = = 7-88 = (dia)a 

6000x2x-7854 5 x -1122 

^(7-88) ~ 2-7 inches, nearly Answer. 

Note, d = 2r. 

5. A steamer runs the measured mile in 5 min. 10 sec. with the tide, 
and in 7 min 80 sec. against the tide ; what is the ship's correct rate of 
sailing? ' • 

(5m. 40s.+7m. 50s.)-7-2 = 6m. 45s. = 405 sec. 

405 sec. : 8600 sec. : : 1 knot : 8*88 knots per hour Ans. 
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6. An engine counter has 6 counting wheels, and it stood at 005427 
at the commencement of the voyage, yon know that it has gone ronnd 
twice, it now stands at 000729 ; how many miles has the ship gone, the 
pitch of the propeller being 21 feet? 

(1000 000—5427+2000 000+729) X 19 

= 9860-8 miles Ans. 

6080 

7. If the counter advance from 080874 to 628897 in 86 hours ; 
what will it indicate in 880 hours ? 

86 : 880 : : (628897—80874) : 2428706-8 
(2428706+80874)— 2000 000 = 504080 Answer. 

8. If you are continually blowing off at '125 of the feed, and if the 
water in the boiler contain ll"* of salt to the gallon ; what was the salt- 
ness of the feed water ? 

•125 = i 8)11 or -126x11 = 1-875 

1-875 Answer. 



9. A ship carried 1800 tons coals, with a consumption of 11 tons 
per day, and a speed of 8*4 knots per hour ; she is now lengthened and 
fitted with compound engines, and carries 2200 tons, with a consumption 
of 10*8 tons, and the same speed as before ; what quantity of coal is 
saved in a voyage of 7000 nautical miles ? 

7000 -J- (8-4 X 24) ^ 84-722 days on voyage. 
(11—10-8) X 84-722 = 6-9444 tons less consumed. 
(2200-1800+6-9) = 406-9 tons saved Answer. 

10. An engine is contracted for, to have 28 circular inches per N.H.P., 
but on her trial trip she works up to 4 times her N.H.P., she has 42* 
stroke and 20 lbs. mean effective pressure ; how many revolutions should 
she make to fulfil her contract ? 

-7854 X circular inches — area in square inches. 
N.H.P X 4 83000 X 4 



area x pressure x twice stroke 21-9912 x 20 x 7 



= 42-87 rev. Ans. 



11. The stays of a boiler bottom are to be fitted by cotters, the depth 
of cotter being 8 times the thickness, the diameter of stay 1^"; what size 
should the end be swelled out to so as to have uniform strength of bar ? 
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•08 -4 

Formula. D =-- (1+ — h )d 

n V n 

Where D - size; d — diameter of stay ; n = 4. 

•08 ^4 

.•. (1+ — + )xl^875 -= 1-22X1-875 = 2-29 Answer. 

4 Vi 

12. Find the N.H.P. of the engines yon were with last, and the 
maximon strain on the crank pin ? 

Say the diameter of L.P. is 68', diameter of H.P. 82", steam 60 lbs., 
crank pin 12" diameter, and length 18". 

Formula. (d^+D^) -r-SO = N.BL.P. 

'ISBid^p-T-c I = maximum strain. 

Where (2 = diameter n.P.; D ~= diameter L.P. ; p = pressure; 
c = diameter crank ; I -= length crank. 

.•. (82«+68«)->80 = 166-488 = N.H.P. 
(•7864 X 82« X 60) -5- (12 x 18) = 228-408 lbs. Answer. 
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PAPER V. 
FIRST AND SECOND CLASS. 

1. (264— 148)* +(8x6)' = x 

^(121) + 48 = * 

11 +48 =.- « 

Answer 59 = » 

• 

2. What is the sum of ^ and -f^. 

4 1 

— = — ; and the least common multiple of the denominators 7 
28 7 and 18 is 126. 

1 6 1x18 6x7 

-+— =•• + 



• • 



7 18 7x18 18x7 

18 85 18+85 58 

= 1 = '■— = Answer. 

126 126 126 126 

3. ^ of one-llth part of 77 

7 1 77 7 7 49 

— X — x — = — x — = — = 3-06 Answer. 
16 11 1 16 1 16 

Note. 11 -=-11 — 1, and 77-^11 — 7; hence, by cancelling 
we have as above. 

4. Find the H.P. exerted by a pump in pumping out a tank 22 feet 
long, 16 feet broad, and 4 feet high, the top of which is 16 feet below 
the level of the sea ; a cubic foot of sea water weighs 64 lbs., and 31000 
lbs. of water raised 1 foot in 1 hour is equal to IJH.P.; it 'took 6 hours 
to pump the tank out ; 40 per cent, of the work was lost through non- 
efficiency. 

22 X 16 X 4 X 64 = 90112 lbs. of water in tank. 
Depth of centre of gravity of water in the tank =16+4-f-2 ~ 18. 
90112 X 18 = 1622016 = units of work exerted in 5 hours. 
1622016-7-5 = 324403-2 = „ „ 1 „ 

324403-2^31000 = 10-464 = H.P. exerted. 
40 per cent. - 4-186 = H.P. non-efficient. 



6-278 = H.P. efficient. 
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5. The stays of a boiler are 14" apart, from centre to centre, and one 
of them breaks, thus throwing more strain on the 4 stays that surround 
the broken one, they are If diameter, and the pressure is 70 lbs. per 
square inch ; what extra strain per square inch will be on the stays if we 
allow i more than each had at first ? 

The formula for the strain on the stays of a boiler is 



8 = 



•7864 d« 



YHiere 8 = strain per square inch section of stayj • » 

P = pressure per square inch on boiler J 

D = distance stays are apartK ^^^ 

d = diameter of stay J 

Now by the condition of the question, one-third of the strain found by 
the preceding formula must be added to it ; hence we have 



Strain = 



70x14x14 
•7864 X 16 X 16 



70x14x14x8x8 
•7864x16x16 



By cancelling = 



8 8 



2x14x14x8x8 
•1122x8x16 



= 4988-906 



8)4968-906 lbs.; strain at first 
1666*802 „ one-third added 



6626-207 



91 



total strain. 



Note, li = V 

6-66 d^ 

6. Formula = D* 

I 



Where d = diameter of crank shaft) • . 
D = „ cylinder P^ ^ 

I = length of stroke ; in feet. 



inches. 



A crank shaft is 14" diameter, length of stroke 4' 6", pressure about 
80 lbs.; what diameter of cylinder will suit that size of crank according 
to the above formula. 



6-66x148 



4-6 



= 8994-04 = 2)2 
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SECOND CLASS. 

EXERCISE 6. 



1. (67 — 68)* -5-8+2 — 17. 

(24+12)« 

2. (6x4)+18 — 7. 

(6 + 4)« 



Answer — 18, 



Answer — '04. 



8. A stay is 15" apart, centre to centre, and it is eaten away to 
1^* diameter, the pressure is 20 lbs. per square inch ; what is the strain 
per square inch section of the stay ? 



• = 



a^ p 
•7854 d« 



15x15x20x8x8 
•7854 X 9 X 9 



= 4527 lbs. Answer. 



H = I; I inverted .= f 



4, "What is the amount of wages — £ 

from 21st June to 20th December, at 14 per month. 
,i 15th March to 18th December „ 6 
28th October to 18th February „ 6 



M 



l» 



«> 



Note, — ^Allow 80 days to the month. 



days. 
80 : 


days. 
182 : 


: 14 


£ 
: 84 


8. d. 
18 8 


80 : 


278 : 


: 6 


: 54 


12 


80 : 


118 : 


: 6 


: 22 


12 




162 


2 8 



Answer. 



5. An Engineer has a bonus of £18 for coal economy, there were 
84 tons left at 18s. per ton ; what was his per centage on Uie value ? 

tons. s. £ 8. per cent, per cent. 

(84x18) : (18x20) : : 100 : 28-8 Answer. 

6. The diameter of the cylinder is 64 inches, the length of stroke 
8 feet, revolutions per minute 66, and the pressure of steam per square 
inch 22'8 lbs ; what is the horse power ; 



H.P. = 



•7854 d^p8rx2 -7854 x 64 x 64 x 22-8 x 8 x 66 x 2 



88000 



88000 
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•7854x64x64x22-8x8x2x2 
500 



= 860-8687 Answer. 



7. The area of the boiler level is 120 square feet, a single acting 
donkey engine can pump up 17" in the glass per hour, diameter of pump 
4", stroke 5", revolutions per minute 100 ; what is the efficient stroke of 
the pump ? 



/ = 



1728 a h 



1728x120x17 



•7854 d^ srxeO 



•7854x4x4x5x100x60x12 



8x17 



•2618x5x10x5 



= -779 of the stroke = 8-895»Ans. 



8. What is the per centage of strength of a single rivelted seam, 
diameter of rivets f'', pitch li" and thickness of plate %" ? 



Plate. 

8 
1— = 

4 



(p—d) 



P J 



XlOO. 



By Vulgar Fractions. 



14 

8 



4 8 I 4 8 



7 

4 



7 , 



14—7 , 



8 



hxlOO = 



14 



8 



VxlOO 



= — xlOO = ixlOO = 50 per cent. Answer. 
14 

By Decimal Fractions. 

If = 1-75; i = -875 



1-75— -875 

( ) X 100 

1-75 



•875 1 

X 100 = — X 100 = 50 per cent 

1-75 2 



area x No. rivets x 100 

Rivets = 

pxT 

By Vulgar Fractions. 

•7854 X ^ X J x 1 X 100 



•7854 d^xlx 100 
pxT 



V 3 
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•7864x7x7x4x8x1x100 



= -1809x7x100 



8x8x7x8 

= 91*68 per cent. Answer. 

By Decimal Fractions. 

•7854 X -876 X -876 x 1 X 100 

= 91*68 per cent. Answer. 

1*75 X *876 

9. How many bolts H" diameter are required for a cylinder cover 
W diameter, the pressure being 60 lbs, and the strain per square inch 
section of bolts is not to exceed 2000 lbs. ? 

D^p 60x60x60x2x2 

n = = = 2x2x6x2 = 48 boltsAns. 

d«« 2000x8x8 

li - f ; f inverted = f . 

10. A coal bunker is 18 feet wide by 11 feet 9 inches high, and in 
6 days a section of the bunker, 12 feet long was consumed ; what was 
the consumption per day ? 

Ibh 12x18x141 141 

Tons per day = = — = 9*4. Ans. 

45x6 46x6x12 16 

11' 9' 

12 46 cubic feet = 1 ton. 



141 



12 

11. In a wheel and axle, the diameter of the barrel was 6" and that 
of the rope ^% the crank handle was 15" long, and the weight was 
215 lbs. ; what was the force exerted, allowing 12 per cent, for friction 7 

i (barrel+rope)x weight 

Force = +12 per cent. 

length of handle 

i(6i)x216 8-4875x215 8*4875x48 

= = = 49-27088 lbs. 

16 15 8 

(49*27088+49*27088 Xt^tfty) = 55*18882 lbs. Answer. 

12. A slide valve is worked by a hooped spindle, the hoop surround- 
ing the body of the valve ; the port of the valve is 20" wide, rectangular, 
and the recess is 4" deep, the exhaust port of the cylinder is 6}" deep, 
and the steam port 2}", the bars If", internal cover y, and lap 8" ; the 
valve is If on each side of the ports, face of the valve is 1" thick, and 
the rest of the valve is f" thick ; find its weight if 8*9 cubic inches 
weigh 1 lb. ? 



I 
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See the figure. 
PQ = MN—{MP+QN) =■■ MN — MPx2 
M N = (steam lap + steam port + bar) x 2 + exhaust port 

= (8+2f+lf)'x2+6f = 15+6-75 = 21-75 
3f P X 2 = (steam lap + steam port + internal cover) x 2 

= (8+2J+i)x2 - 11-75 
PQ = MN—MPX2 = 21-75— 11-75 =■ 10-00 breadth of valve port. 

ENDS OF FACE. 

Length — width of valve port + distance on each side = 20+1^+1^ = 28 
Cubic inches = 28x11-75x1 = 270-25. 

SIDES OF FACE 

Breadth of valve port+distance on each side ~ 10x(li+li) 

= 10x8 = 80 
Cubic inches =^ 10x8x1 = 80 

RECESS. 

Length of walls = | (width + twice thickness) + breadth valve port 1x2 

(20+f+f)+101 x2 = 68 

Depth of walls = 4+f — 1 = 3*75; Thickness of walls = -75 
Cubic inches = 63 x 8*75 x -75 = 177*1875 
Back — width X breadth X thickness = 20 x 10 x -75 - 150 
Answer = (270-25 + 30+ 177*1875 + 150) -^ 3-9 = 160*881 lbs. Ans. 
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SECOND CLASS. 

EXERCISE 6. 

1. 125-f-4+27 — 8-4 X 6-2 = 81-26+27 — 5208 = 6a7 Ans. 

2. A sheet of lead is 16' 8^ long, by 12' 9" broad, and ^^ thick ; 
what wonld it cost at 4d. per lb., if a cnbic inch of lead weigh '4126 
of alb.? 

Length = 16' 8" = 195" ; breadth = 12' 9^ = 158" 
Cost = cubic inches x weight of 1 cubic inch x price of 1 lb. 

195 X 158x5 X '4126x4 £ s. d. 

= Answer 64 2 8-4 



16 

8. If a piston be 48" diameter, and assuming it to be 4^" thick 
throughout ; what will it weigh if 8*9 cubic inches of cast iron weigh 
lib? 

•7854 d« h -7854 x 48" x 4-25 

w =^ = • = 1582-58 lbs. Ans. 

8-9 8-9 

4. Whatisthecostof wroughtironforging,weighingl6cwt.8qrs. 141bs., 
at 288. 8d. per cwt. ? 

lbs. owts. qrs. lbs. 8. d. £ b. d. 

As 112 : 16 8 14 : : 28 8 : 28 16 8|. Answer. 

5. The travel of the slide is 9^", cover Si" lead -^^'f and stroke of 
the piston 42" ; how far is the piston from the end of the stroke when 
the steam is cut ofif ? 



fcx2+/V'* f8'25x2+t>t]2 

8 •= - 



t 



9-25 



X42 =^ ('7095)2x42 

= 21 '14289 in. Ans. 



6. The steam pipe is 12 inches diameter, and goes inside the boiler, 
the part inside has slots 6 inches long and i inch wide ; how many slots 
must there be to make an area equal to double the sectional area of the 
pipe ? and what are those slots for ? 

area of pipe x 2 '7854 x 12 x 12 x 2 
Number of slots = = 



area of every slot 6 x i 

•7854 X 12 X 12 X 2 X 4 Ans. 
= -7854x2x12x2x4 = 150-7968 



6x1 
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To Prevent Priming, 

7. A T-headed piston rod of an oscillating engine whose dimensions 
are 12' 6^ over all, and 8" diameter, the head is 80" long, 10^ wide, and 
5" deep ; what is the weight of it ? and make a sketch ? 



'ISUd^ L+lht 


•7864 x8«x 145+80x10x6 


8-6 


8-6 


12' 6" 
5 


= Iton Icwt. 8qrs. 6'25881bs. Answer. 


12 1 
12 




145 

• 





8. Note, — The pressure on th^ guide has the same proportion to the 
pressure on the piston as the length of the crank has to the length of 
connecting rod. 

Question. — The piston is 48" diameter, and the pressure is 29 lbs. per 
square inch, the length of the crank is 24", and of the connecting rtod is 
8' 4", what is the strain per square inch section* of the face of the cross 
head, the face being 12" by 10'^ ? 

Make a sketch showing the position of the greatest strain. ' 

•7854 d^ pc -7854 x 48^ x 29 X 24 

s = == •= 104-95457 lbs. Ans. 

Ihr 12x10x100 

r = 8'4"xl2 = 100" 

9. A safety valve 6" diameter has a spiral spring 5" diameter outside, 
and J" thickness of steel ; what is the pressure per square inch ? 

8000 iS3 
Fo7inal<B. = Total weight A 

d 

8000 S^ 
p =1 B 

. -7854 D2^i 

Where S — thickness of steel 

d — diameter of spring from centre of steel to centre of steel 

p ^ pressure per square inch 

7) " diameter of valve 

5" diameter spring — ^ thickness of steel = ci = 4^ 

Hence from B we have as follows : — 

(Z = 4^ = ^3 . 3_3 inverted ^ ^%. 
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8000x7x7x7x8 126x7x7 * 



= 46-95 lbs. 



•7864x6x6x8x8x8x88 -1122x6x6x88 



10. Yon can see the horizon 8 statute miles off, what is the height 
of the eye 9 

FarmiiUe. ^(fx height, in feet) = distance in miles A 

.*. height, in feet = (distance, in miles)' Xf B 

From B height = 8« xf = 42-66 feet. Answer. 

1 1 . The sectional area of a ship at the water level was 4821 square feet, 
her draught before taking in bunker coals was 19*7 feet aft and 19-4 ft. 
forward, and after coaling she drew 21 feet aft and 20*8 feet forward ; 
how many tons did she take in ? 

The weighty of coals taken in will be equal to the weight of water 
displaced, which is equal to the cubic feet of water displaced divided by 
the cubic feet of water in one ton. 

Hence : — 

area of water level x depth ship sunk 
Tons taken in = A 



Before coaling j ^^^^ Jgi'J 



cubic feet water in one ton 
Draught 



2)89- 1 
19-55 



Draught 
Aft 21'-0 



After coaling {^^^^^^ g^. g 



2)41- 8 



Mean draught after coaling 20-90 

Mean draught before coaling 19-55 



Difference = depth the ship sunk « 1*85 



Hence from A, and remembering that there are 85 cubic feet of water 
in 1 ton, thus we have 

4821 X 1-85 4821 x -27 

= ^ 185*958 tons. Answer. 

86 7 

12. A scale of iron is taken off, it weighs 5 oz., and it consists of 
112 parts of iron and 48 of oxygen ; how much iron is in the scale ? 



parts 


parts 


parts 


oz. 


oz. 




112 


As 160 


: 112 : 


: 6 : 


8-5. 


Answer. 


48 













160 
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18. The above scale was T by 4", and of uniform thickness ; what 
was its thickness ? 

Yolome = area X thickness A 

volnme 

.'. Thickness = B 

area . 

Now the volume of 1 lb. of iron = 8*6 cubic inches, and assuming 
the volume of 1 lb. of the scale to be the same, we have 5 oz. = ^ of 
1 lb., therefore the volume of the scale = 3*6 x ^f^ 

•9x5 4-5 

= = _ = 1.125 

■ ■ 

4 4 

And by the question, the area = 7x4; hence by B 

1-125 

Thickness = '04017 of an inch. Answer. 

7X4 
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SECOND CLASS. 

EXERCISE 7. 



1. A ratchet wheel has 20 teeth, and the shaft i^eel 66 teeth, each 
stroke of the lever takes 8 teeth of the ratchet, 10 pulls per minate ; how 
long will it take to torn an engine from top to bottom centre ? 



2)56 shaft wheel 

28 half shaft wheel 
20 



8)560 



1,0)18,6-6667 

18*66667 Answer 18 min. 40 sec. 
60 



40-00020 



2. A boiler is to have 1*22 square feet per lb. of coal, the draught is 
to be caused by a fan ; what will be the. efficiency, and if the evaporative 
power of the fuel is 18 times its weight of water ; what weight of steam 
will that be per lb. of coal ? 

Rule. Divide the square feet per lb. of coal by the same number 
+ •6 if caused by chimney, but by +*3 if Caused by fan or blast, and 
^ of the quotient will be the total efficiency nearly. 

. 

1-22+-8 = 1*62; l-62)l-22(*8026 

•8026 X 11 

= '7857 =• efficiency nearly. 

12 

•7867 X 18 =- 9*6641 lbs. of steam per lb. of coal. 

8. A 9cale of iron rust has been taken off, whose weight is 6 oz., 
it consists of 112 parts of iron and 48 parts of oxygen ; how much iron is 
there in the scale ? 

U 
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parts, parts. oz. oz. 
112+48 = 160. 160 : 112 : : 5 : 8*5 Answer. 

4. The above scale is T by 4", and of uniform thickness ; required 
its thickness ? 

1 lb. of iron contains 8*6 cubic inches 

,'. 5oz. = if^lb. = Ax 8-6 = 1-126 cubic inches. 

V 1-125 

And by Art 9, Formula D, h - — = = -040178 inches. 

lb. 7x4 



5. A ship with a certain draught of water is sunk 8^ by putting 
87 tons into her ; what is the area of the water level ? 

Prom Art. 9, Formula A, we have 

V 87x85 37x86x12 

^6 = — = = = 87x86x4 = 6180 sq.ft. 

h A 3 

Notes, — 86 cubic feet of sea water weigh 1 ton. A inverted = ^ . 

6. The boiler contained 55 tons of fresh water on starting on a 
voyage, by some leak the water in the hotwell is ^ of the saltness of the 
sea; how many tons of water must have evaporated during the voyage if at 
its end the water in the boiler is 2^ times the saltness of the sea, there 
having been no blow off. 

55 X 2-5 
Tons evaporated = -= 55x2-5x8 = 1100. Answer. 

i 
Note, — J inverted = ^. 



7. (289— 240)i+ 7x45 = \/ 49+315 = 7 + 315 =■ 322 Ans. 

8. An engine counter has 6 counting wheels and stood at 000 743 6 
at the commencement of the voyage, and you know it has gone once 
round, it now stands at 000 121 ; how many knots has the ship gone, 
the pitch being 18 feet ? 

1 000 000+ (1 000 000 — 7 436) + 1211 X 18 

f =- 5899-4 knots. Ans. 

6080 
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9. There are 8 cross bankers in a ship, the coals in the centre 
banker do not alter the trim of the ship, bat coals in the other two 
bankers will, anless they be properly proportioned, the distance between 
the centres of the middle and forward banker is 84 feet, and the distance 
between the centres of middle and after banker is 76 feet, 400 tons of 
coal have to go into these two bankers so that the ship may keep her 
trim ; how many tons mast go in each of them ? 

See qaestion 7, page 127. 

total coal X distance from middle to forward 

Rules. Coal aft = ...A 

total distance 

Coal forward = total coal — coal in aft banker B 

400x84 

By^. = 128-686868 tons. 

110 

tons 

By B. Total coals 400 

Coals aft 128-686868 



Coals forward... 276-868687 

10. A paddle wheel is 29 feet from centre to centre of float, it makes 
20 revolations per minate, the ship makes 14 knots per hoar ; what is 
the amount and per centage of slip ? 

8-1416 d r X 60 81416 x 29 x 20 x 60 

r. = =: 17-98 rate of wheel 

6080 6080 I 

17-98 : 8-98 : : 100 : 221 per centage of slip 

17-98 rate of wheel 
14-00 rate of ship 



8*98 a&ioant of slip 

11. A steamer rans the measured mile in 5 minutes 12 seconds with 
the tide, and in 7 minutes 42 seconds against the tide ; what was her 
correct rate of sailing ? 

|(5m. 12s.)+(7m. 42s.)l -^2 = 887sec 887 : 8600 :: 1 : 9.802 

9*802 miles. Answer. 

12. You can see the horizon 9 statute miles from you ; find the 
height of your eye ? 

Formula. \/ (height in feet x 1*5) = distance in miles A 

(distance in miles) ^ 

.•• height in feet = B 

1*5 
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.'. ByJ5. height = 924- 1*6 = 64 feet. Answer.- 

18. An inverted . cylinder, the length of stroke is 44*, length of 
connecting rod 7' ICT, the piston is 19" inches from the bottom of the 
cylinder ; what is the distance from the centre of the cross head to the 
centre of the crank shaft ? 

Stroke 44" Connecting rod 7' 10" 

— , Cross head down 8 

Half stroke 22 

Piston from bottom ... 19 Answer 7 7 

Cross head down 8 

14. The length of the connecting rod is 7' 2", the piston rod is 70' 
from the collar to the centre of the crosshead, the piston is 4^'' thick, 
length of stroke 44' , the cover is 1^" into the cylinder, clearance is J" ; 
what is the length from the top of the cylinder to the centre of the shaft 7 

Length = 7' 2"+6' 10"+44"+M0"+ir+r = 16' 4r. Ans. 
Note.-^r-i-^ = 22" I'lO*. 



i 
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SECOND CLASS< 

EXERCISE 8. 



1. A ship steams 2188 miles in 145 hoars : what was her speed per 
hour? 

2188-7-145 = 15*055 knots per hour. Answer. 

2. A blow-off cock on the bottom of a boiler is 14 feet below the 
level of the sea, and 9 feet below the water level in the boiler ; what 
pressure per square inch would be required to blow the brine out ? 

2-305)14.000(6-073 lbs. Answer. 

8. If 1 cwt. 8 qrs. 14 lbs. bolts and nuts cost £1 16s. 9d. ; what 
is that per lb. ? 

owts. qn. lbs. lb. £ s. d. d. 

1 8 14 : 1 : 1 16 9 : 2-1. Answer. 

4. Find the weight of the rim of a fly wheel ; whose outer 
'diameter is 9' 6", inner diameter T 5", and thickness T, if '257 cubic 
inches = 1 lb. ? 

•7864(D2 —d^)h X -257 -7854(1142 —892) x 7 x -257 

2240 2240 

= 8-201 tons. Answer. 

5. A Whitworth thread on a bolt of 1^" diameter has a strain of 
1200 lbs. per square inch of section ; find the actual strain on the bolt ? 

8ths X 8ths— 1 10 X 9 

Eule. ( ) strain = ( )xl200 = 90x12 

100 100 

'■— 1080 lbs. Answer. 

ir = V. 

. 6. The feed water is 4*2 oz. of salt to the gallon, and the density of 
the water in the boiler is not to exceed 9'5 oz. ; what proportion of the 
feed requires to be blown off ? 

oz. salt oz. salt gall. gall. 
9*5 : 4*2 : 1 : *44 blown off. Answer. 
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7. If 80 circular inches indicate one N.n.P., what is the mean 
effective pressure per square inch required to indicate 8^^ times the 
N.H.P. if the piston run 880 feet per minute ? 

88000 X times N.H.P. 88000 x 85 



•7854 X cir. inch x feet run -7864 x 80 x 880 

110x8-6 

= = 12-9 lbs. Ans. 

•7854 X 88 

8. The sea water has 4*6 oz. salt to the gallon, and the hotwell has 
•25 oz. to the gallon ; at what rate are the condenser tubes leaking in 
lbs. of steam ? 

oz. oz. gall. galls. 

•25 : 4*6 : : 1 : 18*4 in the hot well of which 1 gall, is salt, 
leaving 17*4 galls, fresh ; each gallon of fresh water weighs 10 lbs ; 
hence 17^4 X 10 • = 174 lbs. Answer. 

9. The area of the water level of a steamer is 4000 square feet ; 
what will be her extra draft when 100 tons more weight are put 
into her ? 

cubic feet 85x100 

Cubic feet = Ibh ,\ h = = 

I h 4000 

= ^ of a foot = lOi inches. Ans. 
Note, — 85 cubic feet of sea water weigh 1 ton. 

10. Two cylinders, 80" and 58" inches diameter respectively, give 
160 N.H.P. ; how many circular inches is that per N.H.P. ? And what 
is the ratio of the cylinders ? 

802 + 582 900+8864 

r= = 26*65 circular inches. Answer. 

160 160 

683 8864 802 900 

Ratio = = = 3-788. Or ; ratio = = = -268 

802 900 682 8864 

Definitions, — The ratio of one quantity to another is the number of 
times that the former contains the latter. 

A 'proportion consists of two equal ratios. 

Thus f and f are equal ratios, for they are each = 2 ; hence f = f 
is a proportion. This proportion is often expressed thus : — 

6 : 3 : : 8 : 4 

11. A paddle wheel is 29 feet from centre of float to centre of float, 
and makes 20 revolutions per minute ; how many knots will the ship go 
per hour, allowing 16 per cent, for slip, and 6080 feet equal to 1 knot ? 
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8-1416 drx 60x84 



6080x100 

100 — 16 = 84. Hence the -rate of the ship is 84 per cent, of 
the rate of the wheel. 

81416x29x20x60x84 8-1416x29x2x6x84 

= ^ = 16-104 knots 

6080 X 100 6080 

12. If the piston travel 420 feet per minute, and the diagram 
indicate 18 lbs. mean pressure throughout the stroke, and 82 circular 
inches = 1 N.H.P. ; how many N.H.P. will be indicated ? 

•7864 X 82 X 18 X 420 -0714 x 82 x 6 x 42 

= = 6-767696 N.H.P. 



88000 100 

18. The stays of a boiler, at the smallest part, are 1^" diameter, 
and 16" apart, centre to centre, the government allowance is 6000 lbs. 
strain per square inch section of the stay ; what should the safety valve 
be loaded at per square inch; and what would the weight be on a 
4" valve ? 

•7864 d^8 -7864 x 9 X 9 x 6000 

- = 19-41 lbs. Ans. 



1)2 • 16x16x8x8 

If = I" w =: •7864d'a/) = -7864x42x19-41 -= 243-9188 lbs. 

14. A rectangular lever is 7^" deep and 2" thick, and it is broken by 
by a weight of 2000 lbs. placed 84" from the point of fracture ; what 
was the strain per square inch at the broken part ? 

Rule, StTBmxBxDxD 

= wx I 

6 

Qxwxl 6x2000x84 

.-. Strain = = = 8960 lbs. Ans. 

BxDxD 2x7-6x7-5 
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FIRST CLASS. 

EXERCISE 1. 

1. 676 is io "what number as 4 is to 9 ? 

4 : 9 : : 675 : 1518-75. Answer. 

2. Find the value of £20*59 ? 

20-59 

20 & s. d. 

Answer 20 11 9-6 

11-80 
12 



9-6 



8. Express the sum of '525 and -625 as a vulgar fraction ? 

•525 
•626 



1-150 = l^^ = 1^. Answer. 



4. (840— 16H+2x6 = v'824+12 = 18+12 = 80 Ans. 

5. A compound engine has a steam receiver round the high pressure 
cylinder equal in diameter to that of the low pressure cylinder, and the 
steam chest for slide valves is between the cylinders, distance between 
the centres of cylinders 84", diameter of L.P. cylinder is 60", and depth 
63", how many square feet of felting will be required to cover it ? 

(3-1416 rf+distance x 2) x depth (3-1416 x 60+84 x 2) x 63 

144 144 

— 142-2226 square feet. Answer. 

6. The topmast of a ship is 81 feet above the level of the sea when 
upright, but when fore and aft sails are set she heels over until the top- 
mast is only 72 feet above the sea level ; the diameter of the valve is 
4-5 inches and is loaded to 620 lbs ; what will she blow off at when 
heeling over at this angle ? 

hw 72x620 8x104 



'7864 rf2 H -7864 x 4-6 x 4-6 x 81 -7864 x -9 x 4-6 x 9 

=- 29-06 lbs. Answer. 



7. Formula, S = 
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61 Wa 5-1 X -78541)2 p i 



Where iS = strain per square inch section of shaft 

W — weight of leverage (= a) 

d = diameter of shaft 

D "= diameter of piston 

p = pressure of steam 

I = length of crank 

Question, — ^The piston is 93^ diameter, effective pressure of the steam 
45 lbs., length of the crank 21", and diameter of the shaft 16". Is the 
shaft strong enough ? and what is the strain per square inch of section ? 

5-1 X -7854 X 98 X 93 X 45 X 21 

= 7992-79 lb. Answer. 

16x16x16 

The shaft is not strong enough ; its diameter should be increased 
until the strain per square inch of section does not exceed 5000 lbs. 

8. Four boilers with two fumances each, the diameter of each fire- 
grate is 2' W ; how many tons of coal will be consumed per day ? and 
how many H.P. will be indicated ? 

Allow 2*5 lbs. coal burnt per I.H.P. per hour ; and allow 1 ton per 
day for &srery foot diameter of fire grate. 

boilers, far. fomaees. dia. fur. 

4x2 = 8 ; (2' 10") x 8 = 22|. tons. 

lbs. hours lbs. 

2-5x24 = 60 burnt per LH.P. per day 

2240 X 22| 

= 846-22 I-H P. 

60 

9. An engine of 826 I.H.P. uses 21 lbs. of steam per hour ; one air 
pump, single acting, 20" diameter, 19" stroke, and making 50 revolutions 
per minute ; how many inches of the stroke will be full ? 

1728 v 



•7854 d^ 8 71X60 



Now the water from the steam when condensed weighs the same as the 
steam did, and 1 cubic foot of fresh water weighs 62-5 lbs. ; hence for 
V in the formula substitute 826 x 21-7-62-5 and we have 

1728 X 826 X 21 



7854 X 20 X 20 X 19 X 50 X 60 X 62-5 
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144x69x7 

•0874 X 20 X 10 X 19 X 60 X 60 X 62-5 

= '0268 fraction of stroke 

•0268x19 = '6092 = i inch nearly. Answer. 

10. The steam gnage shews 45 lbs., and it is carried for 14" of the 
stroke, the length of the stroke being 80", and the mean effective pres- 
sure 40 lbs. ; what is the co-efficient of efficiency ? 

mean pressure x length of stroke 

c — 

gross pressure x (length of admission + clearance) 

= 40x80 

= If. Answer. 

60x14 

11. If the loss by blowing off be *12 of the fall used, and the tem- 
perature of the steam 820", and of the feed 110" ; what should the 
boiler be at above the feed density ? 

T—t 820 — 110 

n = hi ■= — — +1 

/(1116+-8r— -12(11164- -8x820 — 110) 

= 2*59. Answer. 

12. If 26 lbs. of water at 110° Fahrenheit be added to 46 lbs. at 
198" Fahrenheit, what will the resulting temperature be ? 

26x110+46x198 11968 

= = 166f°. Answer. 

26+46 72 
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FIRST CLASS. 

EXERCISE 2. 

1. If 454 tons of Welch coal in the bankers be sufficient for a voyage 
of 2900 miles, and Lancashire coal is for space in the proportion of 
46 : 40, and is inferior in quality as 8*7 : 10*5 ; what distance will 
the bunkers carry her if filled with Lancashire coal ? 





miles. 


miles. 




46 : 40 : 


: 2900 : 


2089.44. 


Answer. 


10-6 : 8-7 









2. What pressure is allowed on a plate in the combustion chamber 
when the thickness of plate is ^"9 and the stays are 16" apart ? 

60(r+l)2 
Formula, B = 



s — e 

Where B = boiler pressure ; in lbs. 

T = thickness of plate ; in 16ths 

S = surface = square of distance apart 

60x(7xl)a 60x8x8 6x64 

= = ^ - 15*86 lb. Ans. 

I6a — 6 250 25 

8. And what would be the smallest diameter of stay in this case ? 

S^p 162x15-86 

d = V{ ) - V{ ) = 1-0006 

•7864 8 -7854 x 6000 

= 1 inch nearly. Answer. 

4. What degree of Fahrenheit will correspond to 129° Centigrade ; 
Cent, being marked 0° at freezing, and 100° at boiling point ? 

9 129x9 
C— +82 =■ +82 = 264-2 Fahrenheit. Answer. 



5. Three years ago wages were at £14 per month, and were then 
increased by 11 per cent. ; it is now proposed to reduce them by 14 per 
cent. ; what will be the new rate of wages ? 

£ 14x11 £ £ £ 

14 + = 14 + 1-64 -= 16-54 

100 
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& 15-54x14 & & & 

15.54 = 15-64 — 2-1756 = 18-8644 

100 

& s. d. 
= 18 7 8J-844 Answer. 

6. The water in the hotwell is at 112^, and the vacaom in the con- 
denser is 11^ lbs. : but by some accident the temperature of the water 
in the hot well rises to 154"" ; what will the vacuom be ? 

(T—t) T — 50) (< — 50) 

RuU, = loss of vacnnm 

100000 

(164 — 112) (164 — 50) (112 — 50 42 x 104 x 52 

= -^ 2-70816 

100 000 100 000 

11-5 — 1*70816 = 8-79184 lbs. new vacuum. Answer. 

7. If when the engines are making 41 revolutions, the mean effective 
pressure of the steam be 271bs. ; how many revolutions will the engine 
make when the vacuum shews 1^ lbs. less with the same cut off of the 
steam ? 

lbs, lbs. lbs. rev. rev. 

270 27 : 26-5 : : 41^ : x^ 
1-5 

25-5x412 

25-5 .-. a; = V ( ) = 89-84 rev. Answer. 

27 

8. The square of the diameter of the funnel in feet is equal to the 
whol6 width of the fire grate ; the fire bars are 5 feet 9 inches long ; 
how many square feet of fire grate surface are there to 1 square foot of 
funnel section ? 

Area of fire grate = Iw — I d^ 
Area of section of funnel = -7854 d^ 

/. rf2 I 5-75 
= = = 7*321 feet. Answer. 



.-. -7854^2 -7854 -7854 

9. Make a sketch of half a thrust block from the following, and find 
its weight when 1 cubic inch = -3 of a lb. There are 9 collars, each 
1 J" thick, with IJ" space between, diameter of shaft 9", of collars 11", 
of seat 18", and of flanges 16", and the flanges are 1 J" thick ? 

1 r X 9 = 1 1 J collars 1 J x 2 = 2i flanges 

1^ X 10 = llf spaces 

221 seat 
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Yolome X weight of 1 cnbic inch = 

seat shaft flange shaft collar shaft 

•7864f(18a— 9a)x22-6+(16a— 9a)x2-26— (lia— 92)xll-26) X-8 

=: 445-8218 lbs. Answer. 

10. What is the value of | of | of 68 ? 

68 21' 

txix— = — = 10^. Answer. 
1 2 • 

11. A beam of 11 cwts. rests on 2 sapports A and B 14' apart, a 
weight of 4 tons is placed T from i?, and another of 7 tons at 6' from 
A ; what share of these weights will A and B sapport ? See 
Figure. 

• TT = Ttons vo = 4 tons A B = U' 

20 cwts. 20 cwts. AW = 6 



140 cwts. 80 cwts. BW = 8 



Sagpose the end of the bea^l at A be saspended by a force P acting 
upwards, and at first do not consider the weight of the beam ; then we , 
have 

Force Px distance A B = weight TFx distance W B 

+ weight TTx distance W B 

Or Pxl4 = 140x8+80x7 

1120+660 

P = = 120 cwts. 

14 

P+i weight of beam = 120 +5i = 126^ cwts = weight on A 

Total weight — weight on -4 = weight on B 

Or TT+w+beam— weight on ^ = 140+8O+II— 125^ = 106^ cwts. 

Or 6 tons 6^ cwts. on A) . 

5 tons 5t cwts. on b\ ^swers. 

12. Find the thermal units of heat in an engine of the following 
dimensions ; diameter of cylinder 70", stroke 86", revolutions per 
minute 60, mean pressure 88 lbs. ; and find the coals burnt per hour, 
and how much per I.H.P. per day ? 

Units of work 
Thermal units = 



Joule's equivalent of heat 

'7864x702x88x6x60 
= 78196-4 



772 

Note» — 1 lb. of good coal gives about 800 thermal units at the piston ; 
hence 
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8,00(681,95-4 thermal nnits 

85*24 lbs. coal per minnte 
60 minntes = 1 hour 



5114*40 lbs. coal per hour 



•7854x70x70x88x6x60 

H P- = :— = •0714x7x7x88-x2x6 

88000 

=• 1595'8616 

5114'4-r 1695-4 = 8-206 lbs. coal per H.P per hour 

8*206 X 24 = 76-944 lbs. coal per I.n.P. per day 
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FIRST CLASS. 

EXERCISE 8. 

1. V(80+84) — (8+8) = V64 — 6 ^ 8 — 6 = 2. Ans. 

2. What is the radius of a circle whose area is equal to that of a 
rectangle whose side are 7958*7 and 674*8 ? 

d a 7968*7x674*8 

r = — = i V ( ) = } V ( ) = 1807-4 

2 *7854 *7854 

8. Five boilers with 4 furnaces in each ; there are 2 lengths of bars 
and 17 bars in each length, each bar weighing 42 lbs. ; what would a 
full set cost at 7s. 6d. per cwt ? 

Boilers x furnaces x lengths x bars X weight x price 

112 

6x4x2x17x42x7*5 

= JB95 12s. 6d. Answer. 

112 

4. An engine counter has 6 counting wheels, and it stood at 007486 
at the commencement of the voyage, and you know that it has gone 
round twice, it now stands at 000624, how many knots has the ship 
gone, the pitch being 21 feet ? 



2 000 000+(l 000 000 — 007 846)+624 ) 

6080 



.x21 == 10888*8 knots. 



5. A screw shaft is 20' 9* over all, and 11" diameter, the coupling 
flanges are 17" diameter and 4" thick, there are 5 holes in each coupling 
2k^ diameter ; what is the weight of the shaft ? 

•7864( ) 

8*6 

(112x241 + 178x8 — 2*52x8x5) 

= -7854 

8*6 

= 8 tons cwts. 8 qrs. 7*818 lbs. Ans, 



20' 9" 

— 8 = 


- 4x2 


20 1 
12 





241 



168 
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6. A coed banker is 82' at the top, 29' in the middle, and 24' at the 
bottom ; it is 80' long and 20' high ; how many tons will it hold at 
45 cubic feet per ton ? 



29x4 


82' 
= 116 
24 


Tons 


.Ibh 80x28-667x20 


45 46 




6)172 




= 882-22667 tons. Answer. 




28-667 







7. In altering the pitch of a screw propeller it is found that when 
the mean effective pressure of the indicator diagram is not altered the 
product of the pitch by the square of the knots per hour is not altered. 

If the pitch be altered as under what will be the speed of the vessel, 
the diagram remaining the same ? 

Old pitch 14 feet, speed 8 knots, new pitch 18 feet. 

As new pitch : old pitch : : old knots : new knots 



18 



New knots 



14 






14x6^ 

= V( ) = 

18 



8? : 

knots. 

8'8. Answer, 



X' 



8, The pressure forcing a slide valve upon a cylinder face depends a 
great deal upon the state of the surface ; but in a common slide valve it 
is never far from equal to the diflference between the pressures per 
square inch in the exhaust passage, calculated, for an area equal to the 
sum of the area of the port in the valve added to the area of the steam 
port. 

Question, — The port of the slide valve is 9 inches by 28 inches, the 
port of the cylinder H inches by 28 inches, the steam guage shewed 
36 lbs., and the back pressure is 4 lbs. ; find the pressure forcing the 
slide upon the cylinder ? 





lbs. 


Steam 


86 


Atmos. 


15 


Gross 


51 


Back 


4 


Effective 


47 



Valve port 28x9 
Steam port 28x15 



252 

42 

294 



tons cwts. qrs. lbs. 
294x47 = 13818 lbs. = 63 1 14 



9. There are 3 cross bunkers in a ship, the coals in the centre do not 
alter the trim of the ship, but the coals in the other two will, unless 
properly proportioned between them, the forward bunker is 34 feet from 



BXASOMATIOMS OF BNOINESBS. 160 

its centre to the centre of the middle one, while the after banker is 76 feet 
from the same centre, yoa- have* to put 400 tons of coal in these two 
bunkers so that the slup may keep her trim ; how many tons must go 
in each ? 

A ' a F 



Coals aft, PO 

QW. Coals forward. 

(P+W)xCF 400x84 40x84 
P = = = = 128-64 

CF+CA 110 11 



Total coals 400-00 tons 

Answers. 



Coals aft 128-64 ) 



Coals forward 276-86 S 

10. A pair of common engines of 180 N.H.P. If 80 circular inches 
be equal to one N.H.P. what is the diameter of the cylinder ? 

a -7854 X 80 X 90 

d» = = = 80x90 = 2700 

-7864 -7864 

d -zz V 2700 =- 52 inches. Answer, 

11. A paddle wheel is 80^ feet from centre of float to centre of float, 
and it makes 20 revolutions per minute, the ship makes 15 knots per 
hour ; what is the amount and per cent of slip ? 

81416 d r X 60 81416 x 80-5 X 20 x 60 



6080 6080 

8-1416x80-5x15 knots 

By cancelling = = 18-91 rate of wheel 

76 15-00 rate of slip 

8-91 slip. Answer. 



knots knots knots knots 

18-91 : 8-91 : 100 : 20-6 per cent. Answer. 

. 12. A steamer runs over the measured mile in 5 minutes 10 seconds, 
with the tide, and in 7 minutes 80 seconds, against the tide ; what was 
her correct rate of steaming ? 

m. s. m. s. 

(5 10+7 80) -5- 2 = 880 seconds 

sec. sec. mile miles. 

880 : 8600 : : 1 : 9-47. Answer. 

W 
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FIRST CLASS. 

EXERCISE 4. 

1. (221 — U0)i+7x8 = ^81+21 = 9+21 = 80 Ans. 

2. What is the sum of ^ and ^^ ? 

18+49 

A+A = ++A = == ^- Answer. 

126 

8. ^ of ^Jj of 7j» = ^ = 2^. Answer. 

4. Some repairs took 9 men 9 hoars per day for 9 days, and cost 
J620 8s. 9d. ; if 10 men had heen employed for 10 hours, how many 
days would they have taken ? And what would have been the daily 
pay per man, supposing the same total sum were paid for the job ? 

10 men : 9 men : : 9 days : 7*29 days. Answer. 
10 hours : 9 hours : : 



100 


81 




7*29 days x 10 men — 72-9 days. 


days 
7-29 


day £ s. d. s. d. 
: 1 : : 20 8 9 : 6 6-46. Answer. 



5. A tank 60' lopg, 23' 6" broad, and 4' 6" high ; how long will it 
take to pump it out by a double-acting donkey, the diameter of whose 
piston is 9", stroke 12", revolutions per minute 70, if 16 per cent, be 
non-efficient ? 

Ihhxl72.8 60 X 28-5 X 4-5x1728x100 
Time = = 



•7854(^2 5 rx2x60x/ -7854x9x9x12x70x2x60x85 

23-5x-5x8xlO 

By cancelling = = 2h. Om, 4*14s. Answer, 

•7854 X 7 X 85 

100—15 

Note. - 1^ ; A'o inverted = ^o. 

100 

6. A condenser door is 5' 9" by 4' 6", there are 21 bolts one way 
and 17 the other ; find the number of bolts, and the pitch, if the centres 
of the outside bolts be If from the edge of the plate ? 
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21 
21 
15 

15 

72 bolts 



6' 9' 
8 = 


Ux2 


4' 6" 

8 = Ux2 


5 6 
12 




4 8 
12 


16.6 




16)51(8-1875 pitch 


8-8 pitch 







See figure and remarks, page 124. 

7. What is the pressure per square inch when the temperature is 
80'' Fahrenheit, and the barometer shews 28^* of mercury ? 

4907 X h 4907 X 28-5 

lUde. = = 16-806 lbs. Answer. 

9067 +t 9067+80 

8. If the pressure by guage be 56 lbs., and the area of water level in 
the boiler be 140 square feet ; how long would it take to lower it 8*, 
through a i" rivet being blown out of the ash pit ? 

140xA 140x^ 

EuU. 2i rfa VP. Therefore; time - 



^\d^VP 2-6xJXiX V66 

140x8x8x8 20x2x8x8 



2-5x 12x7x7x7-488 2-6x8x7x7488 



= 6m. 80-9816S. 



8. If it take 800 lbs. at a leverage of 12" to break a stud 1" in 
diameter ; what force will be necessary to break a f" at a leverage of 18" ? 

lbs. 
lbs. lbs. 1600 

ISr : 12" : : 800 : 633J =^ = force that wiU 

break % bar 1" diameter at a leverage of 18". 8 

Now strains on bars are in proportion to the cubes of their diameters ; 
hence we have 

lbs. 

1600 lbs. 
1* : {\Y : : -* — : x 

8 

1600x8x8x8 

.-. ivxl* = ^ 25x8x8 = 225 lbs. Ans. 

8x4x4x4 

10. What is the weight of a cast iron, ball of 8" diameter, if -257 lbs. 
be equal to 1 cubic inch ? 
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Weight = is X -6286 X -257 

= 88 X -6286 X -257 = 68-8978824 lbs. Answer. 

11. Diameter of high pressure piston is 86", stroke 84", and steam is 
carried for ^ the stroke ; there are 1800 cubic feet of steam capacity in 
the boilers ; how many strokes will be required to draw off that amount ? 

Cubic feet in boiler 1800 1300x1728x2 



Cubic feet every stroke -7864 d^ s -7854 x 86 x 86 x 34 

1728 X 2 

1300x4 

By cancelling = = 129*82 strokes. Answer. 

•7854 X 8 X 17 

12. If 0*4586 kilograms be equal to 1 lb. English, and if you pay 
£d 10s. 4d. for 200 kilograms of tallow ; how much will that be per lb. ? 

kilograms lbs. 

200*0000 -f- -4536 = 440*92 

£ s. d. d. d. 

9 10 4 = 2284. 2284*00-^440*92 =^ 6*18. Answer. 

Or thus ; kilos. kilos. £ s. d. d. 

200 : -4536 : : 9 10 4 : 5*18 Answer. 
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FIRST CLASS. 

EXERCISE 6. 

1. A ballast donkey discharges a tank in 8^ hours alone, and the 
boiler donkey in 8^ hours alone ; how long will they take to do it 
working together t 

Product of times 8-26 x 8'6 

Total time = '■ — = = 2h. 21m. 8*816s. 

Sum of times 8-26 +8-5 

2. A sling chain, when lifting a 5 ton weight, forms a triangle with 
two sides of 7i feet, the base is 12^ feet, and height of triangle 
4*14 feet ; what strain is there upon each half of the sling ? ^ 

weight X side 6x7*5 

Strain = = = 4*629 tons. Answer. 

height X 2 4*14 x 2 

8. A packing ring of a cylinder is 78 J inches diameter, before being 
cut it was 76^ inches ; how much must be cut out of the circumference 
to make it fit the cylinder ? 

Cutout -= (D—rf)x 8-1416 = (76»5— 78-26) X 8-1416 = 7'0686 in. 

4. A rectangular bar is 6" deep, 8" thick, and is broken by a weight 
of 8200 lbs placed 86'' from the point of fracture ; what was the strain 
per square inch at the broken part ? 

6WL 6x8200x86 8200x86 

S = — > = = =^ 6222-22 lbs. 

Td^ 8x6x6 8x6 

6. A lead wire -072 diameter, after testing the brasses, is flattened 
to i" broad ; how many thicknesses will make one inch ? ^ 

Area of rectangle = area of circle. See figure 6. 

Or breadth X thickness = -7864^2 A 

•7864 rf2 

.'. thickness = B 

breadth 

• 

1 

Number of thicknesses = C 

' thickness 

-7864 X -072 x -072 x 4 

By^. Thickness = = -2618 x -072 x -072x4 

3 
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* 

Nou. i inverted = |. = •0054286848 

By C. 1*000000 -^ '005429 = 184*2 thicknesses. Answer. 

6. For steam above 12 lbs. pressure above the atmosphere, the weight 
of steam that will escape through an orifice one square inch in area is, 
in 70 seconds, just equal to the pounds of the gross pressure of steam 
per square inch ; to what breadth of opening must a 6 inch safety valve 
rise to aUow the escape of 10500 lbs. of steam per hour, the pressure 
carried being 70 lbs. ? 



Breadth 



*0061898 X escape of steam 



lbs. gross pressure X d 
70 steam 

15 atmos. *006189d x 10500 

— = = -127 

85 gross 85 X 6 8 



Eighths of an inch = 1*016 Answer. 



7. A pair of blocks and ropes are used to hoist a weight of If tons, 
the rope is fastened to the top block, and there are 8 sheaves in each 
block ; what is the strain upon the single of the rope, neglecting friction ? 

Weight in lbs. 1*75 x 2240 

Strain = = = 658^ lbs. 

Single parts of the rope 6 

• 

8. In the last question, supposing 10 per cent, to be lost at each 
sheave by friction ; what will be the puU at the free end of the rope 
when raising the weight. 

100 — 10 90 9 

= — = — = 9. Findthesumof thepowerof •9tothesixth 

100 100 10 

•9 + .81 + -729 + -6561 + -59049 + -581441 = 4-217031 

2240x1-75 



4-217081 



= 929.56 lbs. Answer. 



9. K the compression of a spring that loads a safety valve be 2 inches, 
and the pressure to which the valve is loaded 65 lbs. per square inch : 
what will be the load per square inch on the valve when it is lifted to 
give an area of escape equal to J of the area of the valve. The face of 
the valve is flat. The valve is 6 inches diameter ? 

rf X 1 X lbs. per square inch 6 x 1 X 65 

Extra weight = = 

4 X 4 X compression 4x4x2 

=- 12-187e5 lbs. 
65 + 12-1875 - 77-1875. Answer. 
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10. The conDecting rod is adjasted by a screwed cutter, the screw 
has 18 threads to the inch, the taper of the cutter is f " to the foot, the 
nut is 6 canted ; required the number of turns and cants of the nut to 
bring the brasses '01 closer ? 

Taper 8-0-^8 = -875 of an inch to a foot 

•875-7-12 = *08125 of an inch to an inch 

•08125-7-18 = -002404 

•010000 -r '002404 = 4*1597 complete turns 

6 

V Answers. 
*9582 cants I 



1 



11. If 29 circular inches be equal to 1 N.H.P., what is the mean 
effective pressure per square inch required to indicate 8*8 times the 
N.H.P., if the piston run 400 feet per minute ? 

88000x8*8 830x8*8 
= = 18*76 lbs. Answer. 



•7854x29x400 -7864x29x4 

12. When a safety valve has the area required by the Board of 
Trade, and is spring loaded, the increase of pressure due to the increased 
compression of the spring in blowing off steam is, with bright fires and 
engines stopped, about equal to the quotient found by dividing the 
diameter of Uie valve by its original compression. 

Question, — The spring has 6" compression, there are 50 square feet of 
fire grate to one valve, the loaded pressure is 50 lbs., the increase, 
irrespective of the spring, would be, say 10 per cent. ; to what pressure 
would the steam rise, including the effect of the spring ? 

2)50 sq. ft. fire grate. a 25 
_ d^ = = = 81-83 

25 sq. in. valve. -7854 -7854 

compress d, 
d = ^(31*83) = 5*6418. 6)5*6418 



increase -9403 



lbs. 
Original pressure 50 
10 per cent. 5 

Increase '9403 



Steam rises to 55*9403 Answer. 
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FIRST CLASS. 

EXERCISE 6. 

1. 24— v^(16)-{9+ll)a = 2 1 1 1 00 = 24—404 = —380 

2. If 1 ton stretch a bar of iron 1 in 19000 ; what will 8 tons stretch 
a bar 20 feet long ? 

20 feet 19000" : 240" : : 1" : -0126" 

12 8 tons 



240 inches '1008 Answer. 



8. An engine was compounded, and the same expenditure of fuel 
shewed 20 per cent, more power than on the old principle ; it works to 
the same H.P., it used 12 tons of coals per day formerly, how many 
tons will it use now ? 

tons tons 
120 : 100 : : 12 : 10. Answer. 

4. According to B.T. instructions. Circular furnaces with the longi- 
tudinal joints welded, or made with a butt strap. 

90000 X (thickness of plate, in inches) ^ 

= workingpress. persq. in. ^ 



(Length, in feet+1) x diameter, in inches 

Without the Board's special approval of the plans, the pressure is in 
no case to exceed 

8000 X thickness, in inches 

B 

Diameter, in inches 

Find the working pressure when the diameter is 86", length of tube 
6' 4", and thickness of plate f " ? 

90000x3x3 2500x3x3 

By^. = = 47'94Ibs. Ans. 

7-3333 X 36 X 8 X 8 7-333 x 8 x 8 

8000x3 1000 

By B. = = 83-33 lbs. Answer. 

36x8 12 

5. For arithmetical convenience, reckoning the total heat in steam 
of T° temperature to be equal to 1115°+ -32°, the diflference between 
this amount and f^ the temperature of feed, is the number of units of 
heat to each lb. of water evaporated ; how many units of heat, and what 
latent heat, are there in steam of a teipperature of 300° ? 

1115 + -3x300 — 300 = 1115 + 90 — 800 ■= 905. Ans. 
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6i If a eertain quantity of fuel evaporate 8 times its weight of water 
from and at 212°, how mach will 1 lb. of fael evaporate if the steam 
be 800° and the feed water 110° ? 

1115+-8X212 = 1116+68-6 — 212 = 966-6 
1116+-8X110 = 1116+88 — 110 = 1088 

1088* : 966-6 : : 8 : 7-46, Answer. 

7. The consumption of coals per day is 28 tons, and each watch of 
4 hours throws overboard 86 baskets of ashes, each weighing 48 lbs. ; 
what per centage of coal is lost as ashes ? 

48x86x6 
= 4-6- 28 : 4-6 : : 100 : : 16-4. Ans. 



2240 

8. The actual H.P. transmitted in the tunnel shaft is 400, revolutions 
per minute are 60, there are 6 bolts at each coupling of 2^" diameter, 
and 12}^ radius ; what is the mean bearing strain per square inch on 
the bolts ? 

88000 X 400 = foot lbs. = lbs. weight x feet moved per minute 

88000 X 400 83000 x 400 x 12 

.•. lbs. weight = = ...A 

feet moved per minute 8-1416 x 26 x 60 

400x12 

= = 88618-46 lbs. on aU the bolts 

•1428 

88618-46 



• • 



6 
6722-69 



= 6722-69 lbs. on every bolt. 



• • 



= 1869*6 lbs. ]per square inch. Answer. 



•7864x2-6x2-6 

Numerator Numerator x 12 



Note, In equation A, 



Denominator Denominator 



12 



9. A portion of air is heated to 39°, and it is 14*7 lbs. pressure ; if it 
be afterwards heated to 79% what is then its pressure ? 

Note, — ^Absolute zero is 461° below zero of Fahrenheit. 

lbs. lbs. 

461° 461° 640° : 600° : : 14-7 : 18-61. Ans. 
89 79 

640 640 

. ■ 

X 
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10. An engine is contracted for to have 28 eircolar inches of 
cylinder per N.H.P., and it is to indicate 4 times the N.H.P., to have 
42^ stroke, and 20 lbs. mean effective pressnre ; how many revolutions 
must it make to fulfil the contract.? 

88000 X 4 160 
: = = 42*9 revolutions. Ans. 



•7854x28x20x7 -0714x7x7 

i^ot«.— Stroke X 2 = 42^x2 = 84- = 7\ 

11. Find the thermal units of heat in an engine of the following 
dimensions ; diameter of cylinder 70", stroke 86", revolutions 60 per 
minute, and pressure per square inch 88 lbs. ; also find the coal burnt 
per hour ? 

Note. — 1 lb. good coal gives 8000 thermal units of heat, but by the 
time it gets to the piston it is only equal to 800 units. 

70x70x-7854x88x6x60 70x7x-7854x88x6x6 thermalunits 
= . -= 85-2444 

772 X 800 772 X 8 

85-2444 X 60 



= 2*288 tons. Answer. 



2240 



12. The surface of a screw propeller being oblique to the direction 
of the thrust, the area of screw disc is less eflfective for thrust than an 
equal area of feathering float immersion with the same slip, according to 
the following /ormwZa. 



A = 



P 

•7854 

5DJ 



(D2_52) 



Where A = eflfective area of screw disc ; in square feet 
P = pitch 



D - diameter of propeller 
B = diameter of boss. 



in lineal feet. 



Question. — The diameter of the screw propeller is 16 feet, that of the 
boss is 3-2 feet, and the pitch is 28 feet ; what is the equivalent per- 
pendicular area of feathering paddle .floats ? 

By substitution in the formula we have 

28 ] 

(•7854 L(162_3.22) = •4354x246-76 = 107-0039 sq. ft. 

5x16 
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18. Wliat is the.ihrast in lbs. when the ship is making 14 knots per 
hour, with 64 revolutions per minute ? 

Formula. T = 5'OT K kx equivalent area 

Where T = thrust in lbs. 

K = knots per hour 

k = slip, in knots per hour 

Equivalent area = 107 ; from preceding question 

14x64x2x60 7x8x6 

k = 14 = 14 = 8-68sUp 

6080 19 

T :^ 5-67x14x8-68x107 = 81256-6688 lb. Answer. 

14. According to the above statement, what is the loss of work by 
slip in actual H.P. 

6080 X 8-68 

= 872-906 



60 
81256*669 X 872*906 
88000 



=z 858*206. Answer. 



15. Practically we find that dSi per cent, of the I.H.P. is lost by 
the slip ; what was the I.H.P. of the above engines ? 

per cent, per cent. I.H.P. I.H,P. 
As 88-5 : 100 : : 858-2 : 917*4. Answer. 
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FIRST CLASS. 

EXERCISE 7. 

1. A circular safety valve weight is 84 lbs., and a cubic inch weighs 
*257 of a lb. ; what is the diameter of the weight when the thickness is 

ir. 

From the fundamental formula *7854 d^t x *257 = tr, we have 

w 84 

d = V{ ) = V{ ) 

•7864 «x -257 -7854 x 1-75 X -1267 

= >/ (287-80) = 16-42 inches. Answer. 

2. Suppose there be 16 of those weights on a valve 6* diameter ; 
what is the pressure per square inch ? And if the bottom of the weights 
be 2" above the valve ; what extra weight will there be if the bore be 
full of water to the top of the weights ? 

Total weight 84 x 16 

^ 68*46 lbs. Ans. to the first question. 



Area of valve •7864x68 

The water in the bore will be a cylinder, of which the part from the 
top of the weights to the bottom of them will be hollow, and assuming 
that the diameter of the weights may be made as near as tee please to 
that of the bore, the sides of this hollow cylinder may become as thin 
as we please, and its volume may become as small as we please ; hence 
we need only consider the solid cylinder of water 2" deep below the 
weights, and by the formula 

A-r- 2-805 =■■ weight in lbs; we have 3^' -f- 2-305 = -leee-v- 2-805 
= '072 lbs. per sq. inch extra weight. Ans. to the second question. 

8. K 9200 lbs. be expended on a thrust, the mean radius of the 
rubbing surface of which is 5", the co-efficient of friction being -09, and 
the engines making 48 revolutions per minute ; what is the loss with 
the friction on I.H.P. ? 

9200 X -09 X 3-1416 x 10 x 48 

= 92 X -03 X •2856x4 =- 3-153024 HP. 

12 X 33000 

4. A beam as in the annexed sketch is balanced as follows : — 

Q W 

A I B 

o o 

w P 
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Let A = long ami 

B = short ann 

W = correct weight ^ 

P = weight when TF is at the end of -4 U in lbs. 

Q = weight when IF is at the end of jB J 

Then by the principle of the lever 

WxA = PxB .-. W^xAB = PQxAB 

WxB = QxA .'. W = V{PQ) a 

Question. The weight P = 296 lbs. and Q ~ 886 lbs. ; what 
is Uie correct weight ? 

By substitution in equation a. Weight = V(296x886) = 815-87 lbs. 

5. If a boiler use 1800 lbs. of coal per hour, and each lb. of coal 
evaporate 8 lbs. of wal«r, using fresh water, what is the smallest 
diameter in inches of the nozzle of an injector to put in the double feed 
at 60 lbs. pressure by the guage ? 

„ j^ / SmaUest area in square iaches 1 ^ Cubic feet per hour of feed 
^ * (Smallest area in circular inches) ^oq jp ' 

1800x8x2 

VP = v^(60+15) = 8-66. V{ ) 

62-5 X 680 X 8-66 

20x8x2 

= V{ ) = V(-0844) = -29. Ans. 

62-5x7x8-56 

6. 'If the counter advance from 081876 to 418897 in 84 hours ; 
what will it stand at after 860 hours ? 

418897 84 : 860 : : 887021 : 1444875 
081876 

1444875 

887021 +081376 



1525751 
— 1000000 



525751 Ans. 



7. If a continual blow off at -125 of the feed, and if the boiler water 
retain 11 oz. of salt to the gallon ; what saltness has the feed water 
been at ? 

125 

•125 = = i* Hence in 8 gallons of feed 1 gdlon is blown off. 

1000 
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Let a; = oz. of salt in 1 gallon of feed ; then a; x 8 = 1x11 
.\ X z=z ^ = H oz. Answer. 



8. A shaft 12^ diameter is pat to torsional strain by a weight of 
500 lbs. acting with a leverage of 68", find the maximnm stress per 
sqoare inch of section ? 

5-1x500x68 

^ = 100-847 lbs. Answer. 

128 

9. How far can the visible horizon be seen, when the eye is 26 feet 
above the sea ? 

Rule. Miles = \/(heightxl-6) -= \/ (26x1-5) = \/(89) = 6-24 

10. The temperatore of gases in the combustion chamber was 
1200'' F, and at the front plate 600'' F ; the velocity at the back was 
1200 feet per minute, what was the velocity at the front ? 

Rule. Absolute zero is 461'' below zero of Fahrenheit. 

1200^*' 600*^ ft. ft. 

461 461 1661'* : lOOr : : 1200 : 766-5. Ans. 



1661 1061 



220 x« 
11. 88 = per centage of strength of longitudinal seams 

np+St 
of a boiler ; where t = thickness of plates, p = pitch of rivets, and 
n = number of rows of rivets. 

Question. — The thickness of plate is 1", the pitch 2", the number of 
rows of rivets 2, single shear ; what is the per centage of strength, the 
diameter of the rivets not being known ? 

220 X« 220x1 220 220 

= — : = = = 81f . 88 

np+Qt 2x2+3x1 4+3 7 — 81f 

66^ Answer. 



Note, — According to the density of steam at 18 lbs. gross pressure, 
that is about 3 lbs. above the atmosphere by the steam guage, it would 
take just 85 lbs. weight per hour to produce onel.H.P. if worked without 
expansion, and also without back pressure or other loss.. At high 
pressures less than 85 lbs. of steam would produce the same result ; 
but there are several considerations which lead to the adoption of 35 lbs. 
as a convenient standard in estimating approidmately the cost of evapo- 
ration, and of H.P. from indicator diagrams. 



EZAKXNATXONS OF BNOmUBS. 188 

Divide the length of the card into ten equal parts ; measure from per- 
fect vacuum line, the pressure shown on the cards at 8-4-10 of the stroke 
from the beginning at both ends, add these together, multiply the sum 
by the square of ^e diameter of the cylinder, in inches, by the length 
of the stroke, in feet, and by the revolutions per minute ; divide the 
product by 140000, the quotient will be the tons of steam used as shewn 
by the card for 24 hours working. 

Or == tons of steam for 24 hours 

140000 

The above is exclusive of steam condensed in the cylinder, and of the 
effect of clearance ; the rule is stated for one cylinder. 

12. Given the diameter of cylinder 5' 6", length of stroke 8' 6", 
revolutions per minute 60, and from the card No. 1, Plate 8 P^^ = 22*2 
P, = 28*2 ; required the tons of steam for 24 hours. See page 188. 

(Pi-fPa)d« Ir 45-4 X 66 X 66 X 8*6 X 60 46-4x88x66x-6x6 

140000 140000 1000 

P^ = 22*2 = 296*6486 tons of steam in 24 hours. Ans. 
Pj •^' 28*2 



Pi+Pji = 46*4 

18. What is the atmospheric pressure in lbs. per square inch in the 
diagram ; the weather barometer shewing 29 inches, if 2*04 inches 
merciury were equal to 1 lb. per square inch ? 

29-r-2*64 = 14*216 lbs. of atmospheric pressure, or perfect vacuum. 

14. Draw the line of perfect vacuum on the diagram, and measure 
off the pressure denoted by P^^ and Pg in the above rule ; viz., the gross 
pressure at 84-10 of the stroke ; P^ being the down stroke, and P^ the 
up stroke. 

P^ = 22*2 lbs. Pj = 28*2 lbs. 

15. What is the I.H.P. of the engine whose diameter of cylinder, 
length of stroke, and revolutions per minute are given in question 12 ? 

By the diagram the mean effective pressure is 29*6 lbs. per square 
inch; hence 

•7854^2 2? «x2r '7854x66x66x29*6x7x60 

H.P. = =- 

88000 88000 

•7864x2x66x29-6x7x6 

= 1288*86. Answer. 



100 

16. And what is the least consumption per I.H.P. per hour which 
would give 10 lbs. of evaporation for 1 lb. of coal ? 

tons steam x 2240 296*6486 x 2240 

Least consumption = — =* ■ >■ 

lbs. evap. x 24 x H.P. 10 x 24 x 1288*86 

= 2*148 lbs. per LH.P. per hour. Answer. 
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MISCELLANEOUS QUESTIONS. 



See Question 8, page 111. The exact formulcR for questions relating 
to all kmds of regular figures ; such as frustums of cones, pyramids, 
and so on ; are 

h 

Volume = {A+a+ VAa) — 1 

8 

h 

Or Volume = {A+a+iM) — 2 

6 

Where A -= area of large end 

a = area of small end 

M = area of middle section 

h = height 

Example. — ^Required the volume of a waggon-shaped bunker, 8 feet 
by 4 at the bottom, 6 feet by 8 at the top, and 18 feet deep ? 

By Formvlck 1. 

18 Answer. 

Volume = J(6x8)+(8x4)+v'(6x8)(8x4)|— = 604 cubic ft. 

By Formula 2. 

6+3 8x4 sl8 Answer. 

. — = 604 cubic ft. 
6 



Volume = j(6x8)+(3x4)+4( )( ) 



{ 



A ship will always steam further with a given quantity of fuel by 
using only part of her power, then by going full speed, provided no 
steam is wasted, and that the part of power used is sufficient to give 
headway equal to 1^ times the opposing force. Thus, in a tide, or 
current, running 4 knots against the ship, for the greatest economy of 
the fuel, she should steam 6 knots through the water. 

The following statement has been amply verified by numerous 
experiments. 

THE POWER VARIES AS THE CUBE OF THE SPEED. 

Hence we have the following proportion: — 

P ', p \ : S^ ', 8^ A 

Where P = greater power 

p — lesser power 

S = greater speed 

s = lesser speed 
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Example 1, A vessel goes at fall speed 10 knots per hotir when 
consuming 9 tons of coals per day ; what will her speed be when she is 
only consuming 5 tons per day ? 

From A we have 



(8 = 



9 



And solving this expression by logarithms we have : 

log. 10x8+log 5— log. 9 



log. 8 = 



10 log. 1-000000 

8 Answer 8*221 knots per hour. 

8-000000 
5 log. 0-698970 



8-698970 
9 log. 0.954248 



8)2-744727 
8-221 log. 0-914909 

Example 2. A vessel steams 10 knots per hour, and burns 9 tons of 
coals per day, suppose her speed be reduced to 8*221 knots per hour, 
wbat will her consumption be per day ? 

From A, we have : 

P«« 9x8-221« 
p = =. 

8^ 108 

Hence, by logarithms, we have : 

log. p =- log. 9+ log. 8-221 X 8 — log. 10 x 8 

8*221 log. 0-914925 10 log. 1*000000 

8 8 



2*744775 8000000 

9* log. 0-954248 ■ 

8-699018 
8-000000 



6- log. 0-699018 

Answer 5 tons per day. 

Y 
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QnestioDS founded on the folloiving formtdsd are someiimeB given by 
the Examiners. 

K^ m = k^ M A 

Where K = original knots per hour the ship steamed. 

k = knots per hour the ship will now steam. 

m =^ original miles the ship had to go. 

M = miles the ship has now to go. 

Example 1. A vessel is eoaled for a voyage of 1200 miles, and she 
will steam 10 knots per honr, orders are received at the last moment to 
proceed to another port 1800 miles distant ; what most her speed be to 
make the coal serve the voyage ? 



From equation A, we have. 



i M 



= V 



(10axl200\ 



1800 



Answer. 
= 8-16496 knots per 

hour. 



Example 2. A vessel uses all the coals her bunkers can contain to go 
1200 miles at 10 knots per hour, her speed is reduced to 8*16496 knots 
per hour ; how far will the same quantity of Coals carry her ? 

K^ m lOa X 1200 

M = =• = 1800-0002 miles Answer. 

k^ (8-16496)2 

1. No. 5 lino is the area of a square, and No. 2 line is the area of a 
circle ; find the diameter of a circle equal to the sum of these ? 



No. 1 line 


6-7567 


No. 2 „ 


-684 


No. 8 „ 


4-0 


No. 4 „ 


•0697 


No. 5 „ 


1-764 


No. 6 „ 


•10108 


No. 7 „ 


0-7654 



Note. The applicant may think it is wrongly worded, or put, but he 
is cautioned to take the question as it reads. 

[•684 + 1-764] 

Diameter — V\ \ = 1-747 Answer. 

( -7854 j 

2. Find the N.H.P, of the engines you were with last, and find the 
maximum strain on the crank pin ? Give the name of the steamer for 
verification. 
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ExanfpU. Cylinders 82" and 68", steam 60 lbs., crank pin 12* diameter 
X 12riong. 

822+683 

N.H.P. =- - 15608 

82 

•7854x82x82x60 

Pressure per square inch = = 885*104 lbs. 

12x12 

8. A counter at starting stood at 918876, and has been round once 
and stops at 048721, the ship has been steaming from the 16th January 
at noon to the 22nd at 5 A.U.; what has been the mean number of 
revolutions per minute ? 

5 days 17 hours 8220 minutes. 

(1000000— 918876) + 1000000 + 48721 



■-= 186*9 Answer- 



8220 



4. 1256*64 square inches are added to 1814^^^ circular inches ; find 
the diameter of a circle which would have the same area as their sum ? 

1814*0625 X *7854 -- 10820646875 



V 



1256-64 + 1082*0646875 ) 

f =^ 58*98 Answer. 

*7854 ^ 



5. The area of water level in the boiler is 2*1 times the area of the 
fire grate, there is consumed 18 lbs. of coals on each square foot of fire 
grate per hour, each lb. of coal evaporates 8 lbs. of water, the feed is 
shut off when there are 4" of water in the glass ; in how many minutes 
will the water be out of sight? 



18 lbs. coals 
8 lbs. water 

104 lbs. water 


4" := 


4' 
12 


1' 
8 




2-1 
1 

8)2*1 












•7 
62-5 






mio. 
60 


1 

• 
• 


gun. 
26 


48-75 


lb«. Ibe. 
104 48*75 


sec. 

14*4 Answer. 
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6. The I.H.P. was 600» the thrust block takes 82 per cent, of it, 
revolutions per minute 80, pitch 20 feet, and the slip 20 per cent.; what 
weight is against the thrust block ? 



100 : 82 : : 


500 : 


160 


100—20 - 80 


100 : 80 : : 


20 : 


16 


16x80 - 1280 


160x88000 


88000 


= J.19. 


R }\\a Ancuror 



1280 8 

7. A ship's draft of water before taking in her bunker coals was 
17 feet forward and 18^ feet aft, and it was found that every 16 tons 
put her down one inch ; after taking in her bunker coals she drew 
18i feet forward and 19} feet aft ; how many tons were put into the 
bunkers, and what was the area of the section of the ship at the water 
line in square feet ? 

(17+18-5)-T-2 = 17-75; (18-5 + 19*75) -r- 2 ■-= 19-125 

(19-125— 17-75) = 1-875 

1-875x12x16 = 264 tons First Answer. 

264 X 85 264 x 7 

Area = = -- 6720 square feet. Second 

1-875 -275 Answer 

8. The stroke of the piston is 46", the length of the connecting-rod is 
8ft., the steam was cut off at 22" from the bottom ; required the distance 
from the centre of the cross head to the centre of the shaft ? And the 
lap and lead being the same top and bottom, where does she cut off 
from the top ? 

8' 0" 
2)46 1 



23 half stroke 
22 cut off 


7 11 from centre 
12 


1 down 


95 


46 
22 


22 x 24 22 


Qfi 


24 from up 


27-55 Answer. 



9. The diameter of the L.P. cylinder is 58 inches, and the area of the 
two cylinders are to each other as 1 is to 8*5, the effective pressure per 
sq. inch at the beginning of the stroke is 201bs. on the L.P. piston, and 
701bs. on the high pressure piston, the diameter of crank pin is 10", and 
its length 10" ; what is the pressure per sq. inch on the surface of the 
crank pins, supposing the brasses to bo a perfect lit ? 
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Area of L.P. = -7854 x SB^ ^ 2642-0856 

.7854 X 582 

Area of high pressure — — 754*8816 

3-5 

2642-0856 x 20 

Pressure of L.P. crank pin — = 528*41711bs. 

10 X 10 

754-8816 X 70 

Pressure on H.P. crank pin = 528*4 171Ib8. 

10 X 10 

A hole of 1 square inch area, if 20ft. below the water level, admits 20 
tons of water in one hour, and the law for any other depth varies as the 
square root of the depth. 

Let d — - depth in feet. 
Let q — quantity in tons. 



Then V 



id. 



m 



b 


7- 

20 


and 


by 


squaring. 


d. 




q^. 






20 


*— > 


203 








20(/ 


2 




'/" 


20 X 


20 




20 


20d. 


- - 


q2 






.'. q. 


— - 


i/(20rf.) 





Example 1. A hole of 5 inches area admits 240 tons of water in one 
hour, how much is that hole below the water level ? 

5)240 



48 tons that one inch admits. 



483 
then (/. = — - 115-2 feet. — ^Ans. 
20 

Example 2. A hole having 5 inches area is 25 feet below water level, 
what quantity of water will it admit ? 

q = V20d = a/ (20 X 25) 

= V 500 ^■-■. 22-86 tons for 1 inch. 

5 inches 



Ans. 111-80 tons. 
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ON THE TEMPERATUKE OF MIXED WATER 

AND ICE. 

Formula 

Temperature of water x lbs. of water + temp, of ice + lbs. of ice — 

lbs. of water -fibs, of ice 
latent heat of water x lbs. of ice 



lbs. of water + lbs. of ice. 



= resulting temperature 



If 9 lbs. of ice be mixed with 10 lbs. water at 100° G ; what is the 
result ? See *^ Evers on the Steam Engine/* page 888. 

The freezing point of water is at O*" in the Centigrade scale, and the 
latent heat of water is at 79*4° in the same scale ; hence, by the formula 
we have 

100 X 10 + X 9—79-4 X 9 

= 15-02 

10+9 

Therefore the result is 19 lbs. of water at 15*02° C. 
Again ; what is the result in the above question by Fahrenheit's scale 9 

The equivalent of 0° C. is 82° F., and that of 100° C is 212° F., also 
the latent heat of water is about 148°F.; hence, by the formula we have 

212x10+82x9—148x9 
^ 59 

10+9 
Therefore the result is 19 lbs. of water at 59° F. 

Cxd 
Now, from the former result we have F — + 82 



15-02x9 

z= + 82 = 59 nearly, which agrees nearly with the 

5 latter result. 

If the heat to melt 1 lb. of ice be sufficient to raise 144 lbs. water 
one degree. Then if 42 lbs. of ice be mixed with 120 lbs. of water at 
212'' F.; what will be the resulting temperature ? 
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212x120—42(144—82) 
= 128*' F. Answer. 



120+42 
Note. This solution is derived from the preceding formula. 

1. If the salt brought in by the feed water be *01 oz. to the gallon, 
and the boiler water be at 12 oz. to the gallon ; what proportion of feed 
should be blown off ? 

•0100 

= '088 Answer. 

•12 

2. 4 furnaces 6' 2^ by 8' 2* take 16 lbs. of coal per hour per square 
foot grate surface, and every lb. of coal evaporate 9 lbs. of water, the 
boiler contains 8-5 cubic feet for every square foot of grate ; how many 
tons of coals will be used in 6 hours* steaming ? And what is the 
amount of evaporation 9 

74x88x4 

= 78*1111 square feet fire grate. 

12x12 

74 88 

Note. 6' 2" = — ; 8' 2" = — 

12 12 

78-1111x16x6 7498-6667 tons. 

~ ^ 8*847 coals used in 6 hours 

2240 2240 9 



80*128 water evaporated in 
6 hours. 

8. What is now the density of water in the boiler, the feed being 
the same, and the boiler filled up with sea water ? 

78-1111x8-5 =- 278-88889 cubic feet = a 
7498-6667 X 9 -f- 62-5 ^ 1079-81 tons water = b 

a h oz. oz. 

278-4 : 1079-8 : ; 5 : 19-75 Answer. 

4. What horse power will the boiler work up to, if it give out 19 lbs. 
of steam per I.H.P. per hour ? 

7498-6667x94-19x6 = 592 I.H.P, 
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5. State bow many tabes you would allow for tbe furnaces, give 
tbeir length and diameter, and wbat area that would give per square 
foot of fire grate ? 

Say 55 tubes to a furnace, or 220 in tbe boiler, length 6 feet, 
diameter 8 inches. 

Area of tubes in square feet 8*1416 x *25 x 6 x 220 

= 18-27 



Area of fire grate in square feet 78*11 

Answer 18*27 square feet of tubes to a square foot of fire grate. 
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PART THIRD. 



INTRODUCTION. 

Mattes is that which fills space. 

Bodies are limited portions of matter. Bodies exist in three distinct 
conditions, the Solid, the Liquid, and the Gascons. Solid bodies tend 
to preserve a definite size and shape. Liquid bodies tend to preserve a 
definite size only. Gaseous bodies tend to expand indefinitely. The 
same body may exist in any of these three conditions ; thus ice may 
melt and become water, and the particles of water may separate and 
take the gaseous form. 

The; Atmosphere is that great ocean of air in which we live, move, 
and have our being. 

WEIGHT OF AIR. 

The Babometeb.— The Grand Duke of Tuscany put pumps in his 
fountains which were required to draw water from a depth of from 
iO to 50 feet ; when those pumps were worked it was found that they 
would not draw the water ; the great philosopher Galileo was consulted 
on the subject and he observed thai the water only rose to a height of 
82 feet in the pumps, and he conceived the idea that it was the weight 
of a column of the atmosphere which maintained the water at that 
height. 

Torricelli, his celebrated pupil, made the following experiment ; he 
took a tube, closed at one end and open at the other, of about a quarter, 
or a third of an inch, in diameter, and about three feet long, and com- 
pletely filled it with mercury, he then stopped the open end with his 
finger and inverted the tube with its open end in a vessel containing 
mercury, he then removed his finger and the column of mercury in the 
tube descended and, after a few oscillations, it remained stationary, with 
its top at a height of about 80 inches above the level of the mercury in 
the vessel at the base of the tube. 

It may be concluded, from this experiment, that every surface exposed 
to the atmosphere sustains a normal pressure equal, on an average, to 
the weight of a column of mercury wiiose base is equal to this surface, 
and whose height is 80 inches. 
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Now the density of water is to that of the mercury nearly as 1 is 
to 13*6 ; hence, if a similar experiment were performed with water, the 
height of the column of water sustained by the weight of the atmosphere 
would be 18*6 times as much as the height of the column of mercury ; 
that is 18*6 X 80 inches =- 408*0 inches = 84 feet, which is the maxi- 
mum theoretical height that water will rise to in a pump, but in practice 
it is found that it will not rise above from 28 to 82 feet. 



An instrument constructed on the preceding principles is called a 
Babometeb. 



. « 

The preceding height, 80 inches, is that at which the mercury stands 
in the barometer when it is at the level of the sea. Since the weight 
of 'the column of mercury balances the weight of the column of air 
above ; the French philosopher Pascal suggested that if the barometer 
were carried upwards it would have less weight of air pressing upon it, 
and therefore there would need less weight of mercury to balance the 
air, ; this suggestion was acted upon and it was found that the height 
of the mercurial column decreased as the instrument was carried upwards. 
It is necessary to apply certain corrections to .the barometer when great 
precision is required ; namely for Temperature, Capillarity, Capacity, 
Index Error, Beduction to Sea Level, and Unequal Intensity of Gravity. 



The words Heat and Cold express well-known sensations, but our 
sensations do not shew the quantity of heat or cold ; thus if we place 
one hand in water that is being formed from melting ice, and the other 
in water as hot as we can comfortably bear, and after keeping our hands 
in those positions for some time, if we place them in water new milk 
warm, they will experience very different sensations. The hand which 
was in the cold water will now experience a sensation of heat, while 
that which was in the hot water will experience a sensation of cold, 
although both are in the same water. 

This experiment plainly shews that the sensations of heat and cold 
are modified by the condition of the observer, and consequently they 
cannot serve as a sure guide to the study of the nature of heat. Recourse 
must, therefore, be had to some constant standard of reference. 

Temperature. — If several bodies, heated to different quantities be 
placed near each other, an interchange of heat takes place by which 
they undergo modifications of opposite kinds ; those that are the hottest 
become colder, and those that are coldest become warmer, and after 
some time the bodies come to a state of equal heat ; they are then said 
to Lave the same temperature. If a. source of heat be now brought to 
act upon them they turn hotter and their temperature is said to rise, if 
the source of heat be withdrawn they turn colder and their temperature is 
said to fall. 
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TWO BODIES IN CONTACT ARE SAID TO HAVE THE SAME 

TEMPERATURE IP NO HEAT PASS FROM 

ONE TO THE OTHER. 

When two bodies are in contact, if heat pass from one to the other 
that which gives the heat is said to have the higher temperature. Heat 
always tends to pass from bodies of higher to those of lower temperature. 

There are three processes by which heat passes from one body to 
another, namely, Conduction, Convection and liadiation, 

CoNDUOTiON is the passage of heat through an unequally heated body 
from a place of higher to a place of lower temperature ; thus if we put 
the end of a poker into the fire it gradually turns very hot, and the heat 
gradually passes through the poker, from particle to particle of the iron, 
nijitil it arrives at the hand that holds the poker. 

The heat passes slowly through some bodies, and quickly through 
others ; the iformer are said to be bad conductors of heat, the latter are 
said to be good conductors of heat. Thus if, on a cold morning, a person 
get out of bed and step on the rug at his bedside with his naked feet, 
thence on to the wood floor, thence on to the stone flag at the Are place, 
and thence place his foot on the iron fender, he will And the floor colder 
than the rug, the flag colder than the floor, and the fender colder than 
the flag. The reason of those different sensations is that the rug is a 
bad conductor of heat, and therefore the heat passes slowly from the 
foot to the rug, but the wood is a better conductor of heat than the rug, 
and therefore the heat passes quicker from the foot to the wood than it 
does to the rug ; in like manner the stone is a better conductor of heat 
than the wood, and the iron better than the stone. 

Hence when we desire to retain the heat in any substance, wo use 
bad conductors of heat ; thus we clothe ourselves with woollen and 
flannel garments, or the furs of animals, which are bad conductors of 
heat ; hence also boilers and steampipes are sometimes covered with 
wood or felt in order that they may retain their heat. 

Again, when we desire to receive the heat from any substance we use 
good conductors. 

When heat is applied to a body it produces other effects besides raising 
its temperature ; it generally alters its volume, or pressure, and in cer- 
tain cases it changes the state of the body from soUd to liquid, or from 
liquid to gaseous. 

CoNVBCTioN. — If we apply heat to the bottom of a vessel containing 
water, the parts of the water immediately subjected to the action of the 
heat will expand, and therefore will become lighter and rise to the 
surface^ while the colder and heavier parts at the surface will doscend 
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and become heated, and then ascend in their torn ; and thus the process 
will go on indefinitely. If the water be heated in a glass vessel and 
some oak saw dnst be thrown into the water, then, by the movements of 
this substance it will be seen that the ascending current occupies the 
centre of the vessel, while the descending current passes down the sides. 

If heat were applied to the surface of the water then the heated 
portion, being hghter than the colder parts at the bottom of the vessel, 
would remain at the surface and the top and bottom of the water would 
never attain to an equal temperature. This fact is exemplified on a large 
scale in tropical seas, where the fierce rays of a vertical sun warm the 
surface, but never penetrate to the bottom. 

It thus appears that by Convection the particles of heated water are 
transferred from one place to another, and carry their heat with them. 
Convection plays an important part in the heating of buildings by hot 
water, and in the currents of the ocean, and also in trade and other 
winds. 

In Kadiation the hotter body loses heat and the colder body re- 
ceives heat by means of a process occurring in some intervening medium, 
which does not itself thereby become hot ; thus in a calm day in winter 
we feel the sun's rays warm even when water is freezing, and ice is 
hard and dry. The heat which we feel is not conveyed to us by either 
conduction or convection through the air, for the air is cold and a cold 
body cannot make another body warmer than itself. The mode in which 
the heat reaches the body that it warms is called Radiation, The dis- 
tinguishing characteristic of radiant heat is that it travels in rays like 
light, whence the name radiant. 

Heat generally alters the volume of a body and causes it to expand. 
The force of expansion of solids is very considerable, it being equal to 
the force necessary to compress the body to its original dimensions. 
Thus, for instance, iron when heated from the temperature of freezing 
water to that of boiling water increases by •0012 of its original length. 
In order to produce a corresponding change of length in a rod an inch 
square in section, a force of about 15 tons would be required. Hence 
in the case of structures in which metals are used, the parts are so 
arranged that the expansion shall not be attended with any bad effects. 
Thus in a railway the rails do not touch each other, a small interval 
being left to allow room for the variations of length. Iron bridges, or 

iron beams used in buildings, must have their ends free to move forward 
without encountering any obstacles, which they would inevitably over- 
throw. Sheets qf zinc and lead used in roofing are so arranged as to be 
able, to a certain extent, to overlap each other on expansion. 

Expansion of Liquids. — Almost all liquids expand by heat and con- 
tract by cold, but water contracts by cold until it reaches its maximum 
density a little time before it freezes, it then expands so that when it 
freezes and become ice it is lighter than the water, and floats on the 
surface. 
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The expansion of mercury is sensibly nniform between the tempera- 
tnres of 'melting ice and boiling water, and this property makes it suit- 
able for the measurement of heat as follows : — 

A Mbbcubial Thebhometeb consists of a bulb and tube of glass 
which contain mercury ; the tube should be as nearly as possible of 
nniform bore, and the bore should be very small. A sufficient quantity 
of mercury having been introduced, it is boiled to expel air and moisture, 
and the tube is hermetically sealed ; the freezing jwint is ascertained by 
immersing the thermometer in melting ice, and marking the height of 
the top of the mercury ; the boiling point is ascertained by placing the 
thermometer in the steam of water boiling under the pressure of 
14*7 lbs. on the square inch, and marking the position of the top of the 
colunm of mercury ; the interval between these two points is divided 
into 180 equal parts called degrees for Fahrenheit's scale, which is the 
scale generally used in England, and into 100 degrees for the Centigrade 
scale, which is the one generally used on the Continent ; and similar 
degrees are marked below the freezing point, and above the boiling 
point, if necessary. 

In Fahrenheit's scale zero, or 0"^, is 82^ below the freezing point, and 
the boiling point being 180° above the freezing point, it is therefore 
marked 212^ 

In the Centigrade scale zero, or 0"^, is at the freezing point, and the 
boiling point being 100° above the freezing point it is therefore marked 

loo^ 

TO EXPKESS FAHRENHEIT'S DEGREES IN CENTIGRADE 

DEGREES, AND CONVERSELY. 



RULES. 

(ir_32)x5 

C = A 

9 

Cx9. 

F = +82 n 

5 

Where C = number of degrees Centigrade, F =* number of degrees 
Fahrenheit. 

EXAMPLES. 

1. Express 74° F in C. 

By Rule A. 74 F 

^ -82 

42 
5 



9)210 

28f = 23J° C. Answer. 
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2. Express 84** CiaF. 

By Bulo B. 84° C 

9 



5)306 



6H 
82 

93^° F. Answer. 



Unit of Heat, ob Thebmal Unit is that quantity . of heat which 
corresponds to an interval of one degree of Fahrenheit's scale in the 
temperature of one pound of pure liquid water, at and near its tempera- 
ture of greatest density (89"' 1 Fahrenheit). 

The Capacity of a Body fob Heat is the number of units of heat 
required to raise that body one degree in temperature. 

The Speoifig Heat of a Body is the ratio of the quantity of heat 
required to raise that body one degree, to the quantity required to raise 
an equal weight of water one degree. 

Sensible Heat is heat employed in producing elevation of tempera- 
ture ; hence it affects the thermometer. 

Latent Heat means a quantity of heat that has disappeared ; it 
having been employed to produce some other change than elevation of 
temperature ; hence it does not affect the thermometer. When a piece 
of ice below the temperature of 82° F is brought into a place , say a 
room, where the temperature is much higher, the heat of the room 
enters into it, and gradually raises its temperature to 82° F and it then 
begins to melt ; so that when it is nearly all melted the water thus 
produced must contain more heat than the ice did when it began to 
melt, but until the ice has all melted, the temperature remains at 82° F, 
the same as when it began to melt ; the heat that has disappeared is 
called the latent heat of water. 

The latent heat of water can be approximately determined by the 
following experiment. Take a pound of ice at 0° (7, and a pound of 
water at 79° C, pour the water over the ice and stir the mixture rapidly, 
the ice will melt and two pounds of water at 0° C will be obtained. 
This experiment shews that all the heat necessary to raise a pound of 
water from 0° C to 79° C has been absorbed in melting a pound of ice ; 
and it is thus proved that the heat required to melt a pound of ice is 
exactly the same as that required to raise the temperature of a pound 
of water from 0° G to 79° C. 

If a vessel, full of water, exposed to the open air, and produced from 
melting ice, and therefore at a temperature of 82° F, be placed on a fire 
the temperature will gradually rise to 212° F, and then the water will 
boil, but it will not rise to any higher temperature than 212° however 
long the fire may be applied. 
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A great many solid bodies are in a state of transformation into the 
gaseous state at their free surface. Ice, for instance, is continually being 
transformed into the gaseous state at its surface. 

The particles of the' body thus transformed are called vapour. And 
the process is called evaporation. 

Stbam is an invisible elastic gaseous body generated from water by 
the application of heat. 

If great heat be applied long enough to water, the water will be all 
evaporated and will become steam. 

The heat which has disappeared in evaporating the water is called the 
latent hecU of steam. 

Experiments, carefully made, have shewn, that 966*6 units of heat 
become latent in the conversion of one pound of water at the tempera- 
ture of 212° F into one pound of steam at the same temperature. 

Watt used the term '' free heat" to indicate the amount of sensible 
heat above 82° F, as measured by a thermometer, and he announced the 
law : that in steam at any given temperature ** The sum of the latent 
heat and the free heat is a constant quantity.'* This constant quantity is 
sometimes called the total heat. 

For instance : Units. 

One pound of steam at 212° F|180°-0 sensible heat 
condensed at 82° F gives out (966*0 latent heat . 



Sum 1146*6 total heat 



Again : Units. 

One pound of steam at 240° F (208° sensible heat 
condensed at 82° F gives out 1988*6 latent heat 

Sum 1146*6 tetal heat 



On Boilebs. — ^Before being used boilers should be tested by subject- 
ing them to much greater pressure than they will have to bear while 
they are in actual use. Hydraulic pressure is commonly employed for 
this purpose. 

Even after being tested it sometimes happens that very disastrous 
explosions occur, owing either to excessive pressure, or to the boiler 
becoming weaker. 

Excessive pressure is guarded against by safety valves, which allow 
the steam to escape whenever the pressure exceeds a certain limit, and by 
guages which show what the pressure of the steam is at any moment. 



J 
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Safety valves afford ample protection against the danger arising from 
gradual increase of pressure ; bat they are liable to fail when there is a 
sudden generation of a large quantity of steam. 

This explosive generation of steam may arise from various causes ; 
for instance if the water in the boiler should happen to fall below a 
certain level, the sides of the boiler may become heated to so high a 
temperature that when more water is admitted it wiU immediately be 
converted into steam on coming into contact with the hot metal. 

Hence it is necessary to keep the water above a certain level. The 
following means are used for this purpose. : — 

1. Two cocks are placed, one a little below the level at which the 
water should stand, and the other a little above it ; those cocks are 
opened from time to time, when water should issue &om the first and 
steam from the second. Sometimes another cock is placed at the level 
of the water, and when it is opened there should issue a mixture of 
water and steam. 

2. The Wateb Guage is a strong, vertical glass tube, having its 
ends fitted into two short tubes of metal, one proceeding from the steam 
space, and the other from the water space ; the level of- the water is 
therefore the same in the guage as in the boiler, and it is constantly 
visible to the engineer who has the watch. The metal tubes are 
furnished with cocks which can be closed if the glass tube be accident- 
ally broken. 

Another cause of the explosive generation of steam is the incrustation 
of the boiler with a hard deposit due to the impurities of the water 
employed. This crust is a bad conductor of heat, and it allows the 
portion of the boiler covered with it to become overheated : when there 
is great danger of explosion if water should find its way past the crust 
and come in contact with the hot metal. 

A Hydrometer is an instrument used for determining the densities 
of liquids by observing either the depth to which it sinks in the liquid, 
or the weight required to be attached to it to make it sink to a given 
depth. When the hydrometer is specially adapted for determining the 
quantity of salt in a marine boiler, it is called a Salbiometer, 

Sea water has about ^^ part salt, which is about 5 ounces of salt per 
gallon of sea water ; hence, water that has ^^ part salt has twice the 
quantity of salt in it that sea water has, that is, it has 10 ounces of salt 
per gallon of water ; in like manner water that has -^^ part salt has 
15 ounces of salt per gallon of water and so on. 

A Salinometer consists of a hollow metal ball, used as a float, with 
a stem, square, or rectangular, in section, rising from it, and another 
smaller ball underneath it, containing mercury or small shot to steady 
the instrument, and cause it to float with the stem upright. 
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The stem is graduated as follows ; it is dipped all over in distilled 
water heated to a temperature of 200° F, and then lot float, and the 
stem is marked at the level of the water ; then a quantity of sea water 
is heated to 200° F^ the salinometer is then placed in the water, and the 
level of the water is noted on the stem, one face is marked -j^ for the 
degree of salt in the water, and another face is marked 5 for the number 
of ounces of salt in a gallon of sea water. 

Again : another quantity of sea water is taken and boiled until there 
is exactly half the quantity of water left, which must contain twice the 
quantity of salt that sea water does, for heat only evaporates the water, 
it does not evaporate the salt ; bring the water to 200° F and mark the 
level of the stem as ^, and 10 ; and so on. 

The saltness of the water in the boiler is tested by taking a little out 
of it, and bringing it to the temperature of 200° F, and then placing the 
salinometer under the surface of the water, and then let it float. If the 
surfiEtce of the water be at less than ^, the water is not too salt, but if 
it be at more than ^ it is too salt. 

Sbawabd's Salinometeb consists of a glass tube about 14 inches long, fixed 
to the boiler and fitted with two cocks in a similar manner to the glass 
water guage, so that the water in the tube rises to the same level as the 
water in the boiler; the cocks are then turned off, and another one at the 
top of the tube opened, through which two small balls of glass or metal are 
dropped into the water ; the specific gravity of the first ball is such 
that it will sink when there are five degress of saltness in the water, but 
it will swim when there are more ; the other ball will sink when there 
are less than three degrees of saltness, but it will swim when there are 
four or more. 

The Thermometer may be used as a salinometer as follows : Take 
water out of the boiler and boil it in an open vessel in the engine room, 
then immerse a thermometer in the boiling water and note the tempera- 
ture, compare it with the following table, and thus ascertain the degree 
of saltness. 
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BOILING POINT OP WATER. 
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Hence, if we would preserve the water of the boiler at a degree of 
saturation indicated by -^-^ part of salt, we must blow out one-half of the 
feed water, if at ^ then blow out one-third, if at -^ blow out oiifi- 
fourth ; and so on. -^ is the highest degree of saturation that should, 
be permitted ; the degree of saturation should be tested every watch. 

The following table shews the height of the boiling point in * 
Fahrenheit's scale at different heights of the barometer : — 



Barometer 


Boiling point 


Barometer 


Boiling point 


27 inches 


207° -0 


29i inches 


2ir-2 


27i „ 


207-8 


30 „ 


212-0 


28 „ 


206-7 


30i „ 


212-8 


28i „ 


209'6 


31 ,, 


213-6 


29 „ 


210-4 
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ANSWERS TO THE ELEMENTARY QUESTIONS. 



1. The parts which are easily forged and have to hear shearing, 
torsion, or tensile strains ; such as piston, connecting, slide or eccentric 
rods, shafting, etc. 

* 2. The parts not easily forged and not subject to strains in various 
directions, such as cylinders, columns, bed plates, pumps and slide 
valves, hotwell, etc. 

8. The parts which are sometimes made of steel, are piston and 
connecting rods, main shafting springs, etc. 

4. The parts which are made of brass, or gun metal, are the main 
bearings, connections, rod brasses, liners, buckets, and valve grating for 
pumps, all cocks, and in places where much wear takes place. 

5. In the main bearings, tunnel bearings, guide blocks, and connecting 
rod bearings. It is adopted on account of its anti-frictional properties. 
The objection to it is that, owing to it having a very low melting point, 
should the be^ng become heated, it will run out. 

• 

6. For bolts, studs, nuts, etc., that are subject to the constant 
action of salt water, it is also used for condenser tubes and tube plates. 
It is malleable, strong, durable, and is not liable to corrode. 

7. The iron first produced from iron ore is cast iron, and it contains 
carbon, silicon, phosphorous and other impurities. Wrought iron is 
cast iron puddled, and it is nearly free from carbon and other impurities. 
Steel is best wrought iron with 2 per cent, of carbon added. 

8. By the difference in the grain. Cast iron is of a chrystaline grain, 
and is short and brittle. Wrought iron is fibrous and of great tenacity. 
Steel is fine, chrystaline, is hard, and has less tenacity than wrought 
iron. 

9. Cast iron and steel are both fusible, and are therefore fit for 
castings. Wrought iron and steel are malleable, and will weld. Steel 
can also be tempered. 

10. The strain necessary to break any material is called the 
** breaking strain." The strain that any material has been subjected 
to without causing any permanent rupture is called *' proof strain.'* 
The strain that can safely be put upon it is called '* safe working strain." 
The proof strain ought to be ^ of the breaking strain, and the safe 
woricuig load about half the proof strain. 
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11. The cohesive and breaking strength of good ordinary wrought 
iron is about 50,000 lbs. per square inch. 

12. Heat the steel blood red, then dip it in oil or water, then with- 
draw it as the red colour give place to straw colour. The colours 
come in the following order ; light yellow, dark yellow, light blue, dark 
blue. When the right colour appears, immerse the steel in the oil or 
water, until it is cold. 

18. Case hardening is the art of giving wrought iron a hard skin, in 
order to diminish the wearing of those parts subject to friction. Tllie 
article to be case hardened is placed in an iron box together with char- 
coal, bonedust, and leather scrap, then hermetically sealed and placed 
in a slow fire, sufficient to keep it red hot for 24 hours. The slide 
valve reversing gear is case hardened. 

14. The metals and alloys that can be forged are wrought iron, steel, 
copper, and muntz metal. Brass, cast iron, white metal, zinc, and tin, 
are short and brittle. 

15. Welding two pieces of iron or steel together is done by heating 
them to a white heat, and then by hammering them well, until they 
Unite and form one piece. 

16. All metals expand with heat and contract with cold; thus a brass 
winged valve just fitting to its seat when cold will be found tight when 
heated. Boilers expand considerably under heat ; furnace fronts are 
flanged to allow for expansion, for the same reason fire bars are left a 
little short. 

17. Staffordshire plates are used for shell plates, furnace bottoms 
and domes. Yorkshire plates are used for furnace tops, back tube 
plates and combustion box. 

18. Double rivetting is the use of two rows of rivets in one seam. 
In the common flat boiler the bottom and longitudinal seams are double 
rivetted. And in the circular boiler the longitudinal seams, and often 
the circumferential one, are double rivetted, but generally when the 
circumferential ones are double rivetted, the longitudinal ones are treble 
rivetted. 

19. Caulking is the art of closing the edges of the joints, or seams, 
with proper tools until they are steam and water tight ; the edges are 
either chipped, or planed, before being caulked. 

20. The main stays of a boiler are sometimes fitted with nuts and 
washers on each side of the plates, the ends being larger than the body 
of the stay, to allow for the screw. The advantage of this method is, 
that the stay can be very equally adjusted. The disadvantage is, that 
the stays are too close to allow for examination. Another method is 
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to have eye bolts secnred with nuts to the plates, the stays themselves 
having donble eyes to take the eye bolt, and secured by means of a pin, 
or cotter. The advantage of this method is that they can be easily 
disconnected for examination. The disadvantage is that it is difficult 
to get them all equally adjusted. Another method is to have a pair of 
angle irons rivetted to each end of the boiler, and using stajrs, square in 
section, the stay ends having single eyes to take the angle iron, and 
secured by a pin and cotter. The advantage of this metiiod is that it 
gives more room for examination ; for the angle irons assist to stay the 
plate. The disadvantage i^ that it is difficult to adjust the stays 
equally. 

21. The greatest strain should not exceed 5,000 per square inch of 
section at the smallest part of stay. 

22. A rivetted screwed stay is a piece of iron screwed the full 
length, and then screwed into tiie plates forming combustion chamber 
sides and shell of the boiler, and the ends rivetted over to form a head ; 
they are used in the narrow water spaces of the boiler. 

28. Thin plates are usually found where the action of the flame is 
the greatest, and where the parts are alternately ^ei and dry ; they 
can be detected by sounding with a hammer, or by drilling a hole 
through. 

24. Boiler tubes are fixed after being pushed through into the tube 
plate, then the ends expanded by mea^s of a drift or tube expander. 
Stay tubes serve the purpose of stay and tube combined, they are 
generally screwed into the back tube plate, and secured by nuts on each 
side of the front plate. 

25. At the combustion box ends. By re-expanding. The leakage 
is caused by the tube ends being burned, through the constant action of 
the flame upon them. 

26 Cracked tube plates are often caused by salt gathering on the 
plates round about the outside of the tubes, or by opening the smoke 
box doors suddenly, thus cooling the plates and causing contraction. 
The cracks are generally found running from one tube hole into another. 
They are repaired by drilling holes, tapping and plugging the same, 
the length of the crack, or by placing a piece of plate over the same and 
securing it to the tube plate by tap bolts. 

27. A dry uptake is a sheet of iron caseing outside of the boiler. A 
wet uptake has a passage way up through the water and steam space of 
the boiler, thus being surrounded by water and steam. . The dry 
uptake requires little repairing. The wet uptake requires most repair- 
ing because it has to bear the pressure of the steam, and the corrosive 
e&ct of the water and steam. 
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28. A snper heater is a vessel through which the steam passes on 
its passage from the boiler to the engine. It is usually placed in the 
uptake, so as to receive the heat from the fires on its passage to the 
funnel, which otherwise would bo wasted. It is generally made 
cylindrical. A steam stop valve, a safety valve, and a drain cock 
leading to the hotwell is fitted to it, also a glass guage to show whether 
it is clear of water, as priming may occur. 

29. The first parts that are injured are the combustion chamher top, 
and the highest row of tubes. • 

80. Angle irons are generally used in rectangular boilers, to join the 
shell and end plates together, and to join the stays and plates. In 
cylindrical boilers the plates are all flanged. 

81. Priming arises from the pressure being drawn off the surface of 
the water in the boiler, and thus enabling ihe ebullition to go on with 
greater violence. There are many causes, such as want of steam space, 
excess of tube surface, badly arranged boilers, muddy water, and other 
foreign substances, becoming mechanically mixed with the water, or it 
may be caused by irregular feeding or firing. It may be prevented by 
injecting tallow, or casing the draft of the fires. It may cause the 
breaking of the cylinder cover, or the bottom of the cylinder. 

82. Draft is caused by the expansion of air by heat, by which means 
part of the heated air is expelled in the funnel, and heated air being 
lighter than cold air, the cold air from outside forces the heated air up 
the chimney, thus causing a constant current of air while the fires are 
in action. It can be regulated by means of a damper which is 
frequently placed in the funnel, or by closing the ashpit dampers. 

88. Flame issuing from the chimney top is caused by a bad supply 
of air to the furnaces ; it may be caused by having the fire too thick on 
the bars, thus preventing a a proper supply of air in the combustion 
chamber. It is highly detrimental to the funnel and causes a great 
waste of fuel. 

34. A blast pipe is a pipe leading from the boiler to the funnel. 
The end next to the boiler is attached to a cock secured to the boiler, to 
regulate the force of the blast ; the other end is conical and turned up 
in the funnel. It is used to increase the draft. 

85. Two bottom blow-off cocks are generally fitted to each blow-off 
pipe, one on the boiler, the other on the ship's bottom. In case of an 
accident happening to the pipe, sea water can be excluded from the 
sea, or ste^m from the boiler. 

86. The spanner guard is to prevent the key from being removed 
unless the cock is closed. 
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87. Test oocks are placed on the end of the boiler next to the engine 
room. The centre one is placed at the water level or about nine inches 
above the highest part of the combustion chamber. Other two are 
placed, one six inches above the centre one, and the other six inches 
below it. The cocks are better at those heights so as not to require 
internal pipes. A small plug is provided at the bend of each cock, 
by unscrewing this plug a pricker can be inserted to clean the passage 
way of the cock. 

88. A dead safety valve has the required weight placed directly upon 
it. The rubbing surfaces are made of brass. The spindle of the valve 
is fitted with a cast iron cap with cross handles on, a flat key passes 
through it and the spindle, the key space is made so that the valve can 
be turned round or Hfted up, so as to allow a free escape of steam, but 
it effectually prevents any more weight being added to ^e valve. 

89. The area required by the Board of Trade is i a square inch for 
1 square foot of fire grate surface. Sudden opening of the valve would 
cause priming. The valve would lift about ^ of an inch, but the 
greater the pressure on the boiler the higher is Uie lift. 

40. One advantage of the spring safety valves is that the pressure is 
uniform and constant, whether the vessel be upright, or heeling over, 
thus effecting a saving of fuel and steam. Another is that there is no 
liability to stick when the vessel heels over. The disadvantages are 
that the spring may lose its elasticity in course of time, or it may be 
faulty in its construction. 

• 

41. A glass water gauge is composed of two brass stuffing boxes 
fitted with cocks attached to the boiler, and a strong glass tube with its 
ends secured in the stuffing boxes. When the two cocks are open to 
the boiler, the water level in the boiler can speedily be seen ; there is 
also a small drain cock attached to the lower part of the guage to blow 
the glass clear of all sediment that may accumulate in the glass. It is 
placed on the front, or back, of the boiler where it is best seen and 
accessible, the bottom end of the glass should be at least three inches 
above the highest part of the flame box. The glasses are liable to burst, 
or become choked with sediment. It can be tested by means of the 
test cocks. 

42. The object of having pipe connections with top and bottom of a 
boiler to a glass water guage, is to have a steady and clear water level 
shown in the glass. There should be cocks at the extremities of these 
pipes in case of accident to the guage or pipes. 

• 

48. The principle involved in the construction of dial steam guages 
is, that a thin elliptical metal tube if bent into a ring; will seek to coil or 
uncoil itself if subject to external or internal pressure and in proportion 
to that pressure. A Bourdon steam guage is on the above principle, 
connected at one end to a pipe leading to the boiler, the other end being 



16 BXAMINATIOKS OF BNaiMSEBS* 

eonneoted by a link to a quadrant gearing with a small pinion and a 
pointer attached, which indicates on a graduated index and shews the 
pressure of steam. The inverted syphon pipe is placed under the guage 
to contain a little water to prevent the heat of the steam from injuring 
the working parts of the guage. 

44. A small cook on the pipe of a steam pressure guage is neces- 
sary in order to clear the pipe from the water which may have collected 
in it. It should be placed at such a height so that a column of water 
in one leg will equal the colunm of water in the other, otherwise the 
correct pressure would not be indicated. 

45. Steam guages do not indicate the total pressure, only the pressure 
above the atmosphere ; the total pressure is about 151bs. per square 
inch more than the steam pressure. 

46. By the salting of a boiler is meant the accumulation of salt on 
the tubes and other heating surfaces of the boiler. It is prevented by 
scumming, or blowing off, occasionally, so that not more than -^ of the 
water shall be salt. The density of sea water is 1*027. It 
may be ascertained by means of the Hydrometer or Salinometer. The 
density of the water in the boiler while working should be kept at 
li — 88 to 2 — 83rds. • 

47. The scum cocks and pipes are so arranged that the surface 
water can be cleared of sediment and other impurities and blown into 
the sea. One cock is fitted to the boiler a little below the working 
water lever with an internal pipe with a dish end to it reaching up to 
the working water level, the other cock is fitted on the vessel's skin, and 
the two connected by a copper pipe. They are used when the boiler 
water has attained -^ of saltness, or when there is reason to think that 
there is dirt on the water surface. They must be shut before the water 
in the boiler has got too low. Neglect of the cocks would lead to the 
danger of burning the tubes, and salting the boiler. 

48. Scale consists of salt and lime. It is most objectionable on 
the parts of a boiler that are exposed to fiame or heat. It can be 
removed by chipping with long chisels made specially for the purpose. 
It can be prevented by regular blowing off before the water has become 
too salt, or by suspending zinc plates in the boiler. Scale on a boiler 
causes loss of fuel, burnt plates, leaky tubes, and danger from 
explosion. 

49. The Salinometer is an instrument for indicating the density of 
water. It consists of a hollow bulb of glass, or metal with a graduated 
stem at the top, and a balance stem at the bottom so as to make it swim 
upright. Its action is to sink deeper into water of httle density, and 
float lighter as the density increases. It is graduated to 82nds, which 
equals about four ounces of salt or other impurities, to a gallon of water. 
It can only be used in water at the temperature for which it was 
graduated. 
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50. Division plates are to prevent the water from mshing from one 
side of the boiler to the other while the vessel is rolling heavily, and 
leaving the one side of the boiler tubes dry. The plates are not made 
steam nor water tight. They stand fore and aft. 

51. The leak from a split tube is stopped by driving in a wooden 
plug into the leaky tube past the leak, and then driving in a second one, 
thus both ends of the tube are stopped, and hence the leak is stopped. 
There are other methods, but the above generally is resorted to when at 
sea. 

52. Dampers are used to check the rush of air through the furnaces. 
They are fitted in the funnel or before the ashpits. They should 
be used when priming occurs, or when steam is being generated too 
fast. 

58. When there are no dampers fitted, the furnace and smoke box 
doors are opened. The evil is that owing to the too sudden con- 
traction by tiie rush of cold air against the tube plates, they are liable 
to split. 

54. The piston commonly used for marine steam cylinders, consists 
of a large circular casting, cored out and stiffened by means of ribs 
on the flat surface ; it has a large tapered hole in the centre so ds to 
secure it to the piston rod, there is a flange on the outer paii just fitting 
the cylinder for the packing ring to rest on, which is a cast iron ring, 
cut BO as to allow it to be sprung out against the sides of the cylinder, 
by means of steel springs ; to prevent steam passing where the ring is 
out, a brass tongue piece is fitted also allowing the ring to be sprung 
against the sides of the cylinder. The round pieces let in flush on 
one side of the piston are tapered, or screwed plugs, to fill up the holes 
that were necessary to support the cores in casting. 

55. Cylinder drain cocks are used to drain off any water that may 
have gathered in the cylinders through priming or condensation. The 
valve upon the drain cock is to prevent water, or air, from being forced 
by air into the cylinder while a vacuum is formed in the cylinder. 

56. Cylinder escape valves consist of a brass valve and seat being 
loaded with a helical spring ; they are often fitted at the top and bottom 
of cylinders. They are protected by a cast iron casing which fits over 
the top of the valve and spring. They are regulated by means of a 
screw which passes through the top of the cover which is tapped. 
These valves are most needed when starting the engines or when the 
boilers are priming, so as to allow any water to pass out from the 
cylinder. The engineer is exposed to the danger of scalding if the 
precaution is not taken to direct the water away from the front of the 
engines. 

8 
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57. A oompoond engine is a combination of a high and low pressure 
engine, having for its object the utilizing of the expansive property of 
steam ; the mechanical power of steam is commenced in the high 
pressure cylinder and finished in the low pressure cylinder, from which 
it is exhausted into the condenser. There are several different kinds of 
arrangements used for marine purposes ; the most general is that where 
the high and low pressure cylinders are bolted together, the steam chest 
being between, and connected direct with the cranks on the shaft. 
Another arrangement is to have the high pressure cylinder above the 
low pressure cylinder connected with one piston rod. Another arrange- 
ment is to have two high pressure cylmders and two low pressure 
cylinders, the high pressure cylinders being above the low pressure, 
connected direct with two cranks to the shaft. There are other 
arrangements, but these are the most general in use. 

58. The link motion is a contrivance of slide valve gear so that 
engines can be easily reversed and the rate of expansion varied at 
pleasure. It consists of two eccentric sheaves and straps and rods, 
attached at the ends of the rods by radial links, upon which travels the 
block which is secured to the valve spindle end. To enable either of 
the eccentric rods to come in a direct line with a valve spindle, thus 
giving motion to the engines to go either ahead or astern. The advan- 
tage of this motion is its simplicity of construction, and the ease and 
readiness with which it can be used. When there is no link motion the 
single but lose eccentric is us^d. 

59. A separate expansion valve is a slide that works independently 
on the back of the main slide valve for the purpose of cutting steam off 
at an earlier part of the stroke. It is not fitted to all engines, since 
sufficient expansion may be got by lap on the main slide, the extra 
complication and gear not compensating for the small amount of fuel 
saved in small engines. The effect of an expansion valve is often to 
hinder and retard the reversing of the engines. 

60. The arrangement often used for reducing the friction of a slide 
valve consists of a brass ring, truly faced, and fixed on the back part of 
the valve, about equal to the area of the exhaust passage on the valve, 
and kept pressing on a plane surface on the jacket door by means of 
springs or india rubber ; this causes a space to be left behind the valve, 
which is in communication with the condenser, and so forms a vacuum, 
thus diminishing friction to a great extent. The friction of a slide is 
due to the pressure of steam acting upon the unbalanced area of the 
slide valve. 

61. A loose eccentric is an ordinary eccentric fitted with balance 
weights and stops for going ahead and astern. It being loose on the 
shaft it can be moved partly round the shaft against the stops, which 
are placed in such a position as to give the necessary amount of lead 
and cut off for going ahead br astern. The eccentric rod has a gab end 
to it to engage with a pin on the valve shaft ; by lifting the gab from 
the pin the slide valve is free to move by the hand lever for starting 
purposes ; after starting the gab is engaged with the pin, thus working 
the valve. The Hnk motion is used instead. 
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'62. The travel of the eccentric rod is the distance the rod moves up 
and down in a direct line. It is measured by taking twice the distance 
from the centre of the shaft hole to the centre of the eccentric sheave. 

68. Double beat valves are so contrived as to have the pressure on both 
sides of the valves, thus keeping it in equilibrium, and being easy to 
move. They are not used for safety valves on account of their unequal 
expansion, which would entail a waste of steam. They are sometimes 
used as slide valves, being worked by means of a cam. The objection 
to their use as slide valves in quick moving engines is that the mitres 
would not last long,' thus becoming leaky and requiring a great deal of 
attention. 

64. A circulating pump is used for circulating cold water through 
the condenser tubes, thus condensing the steam from the engine by 
coming in contact with the cold tubes. It is not always worked 
by the main engine ; sometimes it is worked by a small auxiliary 
engine. 

65. An air valve is fitted to a circulating reciprocating pump to admit 
a small quantity of air to cushion the otherwise solid resistance offered 
by water. 

66. The difference between a bucket air pump, a piston air pump, 
and a plunger air pump, is : the bucket air pump is a single-acting 
pump, and has a piston with a space round the circumferonce to 
receive rope packing ; it has perforations to admit water passing from 
one side to the other on the top side of the bucket, and over the 
perfolrations, is an India rubber fall, secured by a guard, to allow the 
required lift and to keep it in its place ; it is fitted with head and foot 
valves. A piston air pump is a double-acting pump, and has a solid 
piston fitted with a junk ring and packing rings ; it has suction and 
discharge valves at each end of the pump. A plunger air pump is 
single acting, and consists of a long ram, or plunger, passing through a 
gland, or stufi^g box; it has one suction valve and one discharge 
valve, 

67. A double-acting air pump is made with a solid piston, fitted with 
junk and packing rings. 

68. An air pump trunk is a hollow cylinder connected with the 
bucket or piston, and passing through a stufi&ng box and gland in the 
air pump cover. It is rendered necessary when the space in which it 
has to work will not admit of a pump crosshead and links. The 
difference in the discharge is equal to the difference of the volume of an 
odr pump trunk and air pump rod. 

69. Double-acting air pumps require suction and discharge valves, 
but it is possible to do without a foot valve, or a head valve, in the case 
of a bueket air pump. 
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70. An air pnmp with a discharge valve and no foot valve would be 
most affected by a leaky staffing box. For this reason, in the act of 
the pump finishing the discharge a little air might get in on the top of 
the backet valve, and then prevent the backet valve readily rising off 
its seat on the down stroke. 

• 

71. In the case of the rod or trunk passing through the delivery 
valve a leaky staffing box will not make any sensible difference with or 
without a foot valve, but if the delivery valve be on the side of the 
pump, unless there be a foot valve, there will be a loss of work, con- 
sequent on the loss of vacuum, thus causing the pump not to work. 

72. Air pump pet cocks or valves are placed under the head valve. 
To admit a Httle air, the elasticity of which prevents the heavy thud of 
water that would otherwise occur. They necessarily diminish the 
effective capacity o£ the pump. They are not equally applicable to double 
acting pumps, as the air reduces the effective capacity of the pump. 

78. The water in the hotwell of a surface cendensing engine is 
generally worked at a temperature from 100^ to 180'' Fah. The effect 
of a higher temperature would destroy the air pump India rubber valves. 
The effect of a lower temperature would involve an increased comsnmp- 
tion of fuel. The temperature of the sea water limits the lowness of 
the temperature of the hotwell. The disadvantage of a low tempera- 
ture is that the feed water would be cold, and so require more fuel to 
generate it into steam. 

74. The fittings required for a bilge injection with common conden- 
ser is a non-return valve on the condenser with a lead pipe with strum 
on the end leading to t^he bilge. It is used only when the bilge pumps 
are unable to keep the bilges clear of water. Great care is required to 
keep dirt from entering the air pump. By regulating the sea injection the 
condenser is kept at the working temperature. 

75. When surface condensers are used the non-return valve is fitted 
to the circulating pump, so that the bilge water may be used for pur- 
poses of circulating water. It is necessary to have a non-return valve, 
so that the water when it has passed the valve shall not return into the 
bilgQ on the down stroke of the pump. 

76. Injection cocks are regulated by handles or levers. The 
practical guides to the proper amount of opening is by observing the 
vacuum guage and the temperature of the condenser ': if there is a low 
vacuum then the temperature of the condenser is too high, it requires 
more injection water; or if the temperature in the condenser is too low 
it will require less injection water. 

77. The feed pump pet cock or valve is placed between the suction 
and discharge valves. Its use is to indicate whether the pump 
is working properly or not. It acts by means of the atmospheric pres- 
sure pressing on it from the outside, whHe a vacuum is formed on the 
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npstroke of the pomp. It is a necessary fitting, as it prevents the 
heavy clattering of the hrass valves, and so preserves the mitres ; also 
it prevents the heavy shock that would otherwise come on the discharge 
pipes. 

78. The most common method of securing the ends of surface con- 
denser tahes is hy driving compressed wood ferroles in hetween the 
tuhes and the plates, and allowing the wood ferrules to expand hy 
water. Another method is to have the ends of tuhes extending well 
through the plates and forming a small stuffing hox with screwed gland 
packed with cotton or India rubber washers ; this is an expensive way 
but very effectual. The tubes are about i" in diameter, and about ^* 
in thickness. 

79. A blow through valve is an ordinary small valve and chest, with 
spindle and working lever complete for purposes of blowing through and 
expelling all air from the engine and condenser before starting. It is 
attached to the slide valve casing. A valve is sometimes fitted to admit 
steam from the slide valve casing to the exhaust port. Its use is the 
same as the blow through valve. 

• 

80. A snifting valve is an ordinary brass mitre valve fitted to the 
condenser. Its use is to allow for the escape of air or water which is 
required to be expelled from the engine and condenser, and thus causing 
a partial vacuum before starting. It is fitted to the lower part of the 
condenser. If it be placed too high the water will accumulate and the 
condenser would not get reheved. It cannot be placed too low ; the 
lower it Is the better. It should be kept down as low as possible in 
order to let every particle of water out. 

81. The connections generally fitted to hand pumps are to draw from 
the sea and bilges, to discharge on deck, into the boiler, or overboard. 
It can be applied to throw water as a fire engine in case of fire. 

82. When the engines are stopped, the main steam stop valve, 
throttle valve, and feed check valves should be closed, the safety valve 
should be eased, and all dampers closed, the drain cocks should be left 
open. 

88. An engine is heated up before starting by easing the main stop 
valve, throttle valve and blow through valve. Before starting take the 
precaution to see that all drain cocks are open and doing duty, see that 
the main stop valve, throttle, sea iiijection, main discharge, feed check, 
and bilge pump discharge valves are all open, and that tdl parts of the 
engine are free to move. 

84. An interceptor, or catch water, is a square or oblong cast iron 
chest, containing a diaphragm plate extending half way down from the 
top, the steam entering from the side at the top, and is intercepted by 
the plate, thus disengaging the particles of water which may have 
rushed with the steam from the boiler. The attention it requires is to 
keep it clear of water, or .the passage way for steam may become closed. 
A drain cock is fitted for this purpose. 
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S6^ An air pomp bncket is a hollow brass piston with perforations 
on the top side to allow water to pass from one side to the oUier ; in the 
centre is a boss to receive the pnmp rod, from the boss ribs radiate to 
strengthen the backet, on the circumference a space is formed to receive 
rope packing, on the top side of the bticket and over the perforations is 
an India rubber fall, secured by a brass guard, which also allows it to 
have the required lift. The valves are generally made of India mbber. 

86. Air pump rods are generally made of muntz metal, or iron, 
cased with brass. It is done to prevent galvanic action setting in, or to 
prevent the rods from corroding. 

87. The racing of an engine is want of uniformity of motion. It 
occurs when the propeller is partly thrown out of the water by the sea 
lifting the stem. It occurs frequently when the vessel is light. The 
danger attached to it is, the breaking down of the machinery or propeller. 
To prevent it the governor is attached ; if . there be none fitted the 
engineer must stand by the throttle valve and close it as the vessers 
stem lifts, and open it when the vessers stem is down in the water. 

88. The marine govemor is a contrivance for regulating the speed of 
the engines at times when they are likely to race. They are variously 
constmcted, but the general principle is the same. Suppose a cylinder 
be divided into two parts by a line oblique to its axis, and if one part 
be worked from the shaft, the other part being free to move along its 
axis, then any sudden increase of speed in the revolutions of the first 
part, will cause the other part to move along its axis by bringing the 
longer parts of each together. This motion is communicated to the 
throttle valve ; thus steam is shut off when required, a spring presses 
the part back again, when the ordinary speed is restored. 

89. The pitch of a screw propeller is the distance it would advance 
in one revolution if working in some unyielding substance. To 




measure the pitch of a propeller. Let ABC be a triangle, right angled 
at C, and having the aogle BAG equal to the angle of the propeller 
blade, and let AC be equal to ^th of the circumference of the propeller ; 
then the perpendicular line BC is equal to |th of the pitch, and the 
hypothenuse is equal to the breadth of the blade. 
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90; The difference between a right-handed and a left-handed propeller 
is, that one goes the opposite way round to the other, or the right- 
handed propeller revolves from port to starboard, and a left-handed 
propeller revolves from starboard to port. 

01. The slip of a propeller is the loss caused by the yielding nature 
of the water. It is generally expressed in amount, as so much per cent, 
loss. The loss varies from 1 per cent, to 25 per cent. 

92. The engine and boiler valves that have to be worked by hand 
are the following — the steam stop, throttle, starting, blow through, 
safety, kingston and delivery valves, and all cocks. The self-acting 
valves are the air, circulating, feed and bilge pump valves, cylinder 
escape, snifling and government safety valves. The main slide valves 
are worked direct from the engine. 

98. In a low pressure boiler tallow is forced in by means of a 
syringe, but in high pressure boilers it must be forced in by the feed 
pump along with the feed water ; it is done to allay the violent ebul- 
Htion of the water. It must be forced into the water space, for if 
forced into the steam space it would amalgamate with the steam and 
rush into the engines, thus avoiding the purpose it was intended for. 

94*. The tallow cup, with top and bottom cocks, is most suitable for 
H.P. engines. The one with one small cock, or large hollow plug cock, 
or one with small cock and valve are suitable for condensing engines. 
The tallow cup with one cock is used thus — the cup is filled with 
tallow, and the cock kept shut until a vacuum is formed on the top side 
of the piston, then it is opened and the tallow is forced in, after which 
the cock is closed again. 

95. A cylinder escape valve, self-acting, does not allow all the water 
to escape, the quantity of water left will be equal to the clearance 
between the pbton and the cylinder cover or bottom. 

• 

96. A steam lubricator, or impermeator, is a contrivance for mixing 
the steam with oil, so as to keep the piston ' and slides regularly lubri- 
cated. It is arranged so that the steam rising up a tube and coming in 
contact with the colder surface of the lubricator, is condensed, thus t&e 
condensed steam mixing with the oil and the water, being heavier than 
oil, it sinks to the bottom, thus forcing the oil by flowing |over and 
down the tube into the steam chest. It is fitted to the steam pipe or 
slide valve casing. By throwing cold water over it, it will condense 
more steam, thus causing the oil to flow down the tube much quicker. 

• 

97. The centre of a common paddle wheel is made of cast iron. 
The arms are formed of wrought if on. The bolts for attaching the 
floats to the arms are hook-shaped at the end which grips the arm, the 
other end passing through the float is straight and screwed to take a nut 
and washer. The arms fit into sockets cast on to the centres and 
secured by iron cotters. 
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08. Paddle wheels have one or more cast iron floats in each wheel 
to act as counter balance to the engine. They are required for single 
side lever engines. They are placed so that when they are at the bottom 
the engine has a slight lead on the down stroke for going ahead. 

99. Floats are made of different breadths, so that the motion of the 
engine may be uniform. In single engines with common wheels this is 
most needed. The broad floats take the water when the engine is at 
half stroke, the narrow ones when on top or bottom centre. 

100. The difference between radial paddle wheels and feathering 
floats consist in the manner the floats take and part from the water ; 
the former are rigidly secured to the wheel arms, and being radial do 
not always present a vertical face to the water, whereas the feathering 
floats are secured by the centres, and attached to them is a rod leading 
to an eccentric, which always keep the floats in such a position while they 
take and leave the water that they always present a vertical face to the 
water. The object of this arrangement is to gain power. The ecoentrio 
rods are all of the same form and attached the same way, except the 
driving rod, which is attached to the eccentric strap, which works on a 
sheave secured to the vessers side. 

101.' The centre of the eccentric of a paddle wheel with feathering 
floats is placed in advance, but level with the centre line of shaft. 
When the paddle wheel has an outer bearing the eccentric sheave is 
made in two halves and bolted to the ship's side, sometimes it is cast on 
to the outer bearing. 

102. The pins upon which the floats turn are made of brass, and 
the bushes where the pins turn in are fitted lignum vitae. They are all 
lubricated by water thrown up by the wheel. 

108. A disconnecting paddle engine is a double engine, arranged so 
that both engines can be worked together or separately. It is effected 
at the crank pin. The disconnection is effected by forcing back by a 
lever or clutch, which slides laterally upon keys fixed in the shaft. This 
clutch takes the crank pin when in gear, but is disengaged when dis- 
connection is required. The crank pins are fitted in the outer shaft 
cr^nk. 

104. Loose eccentrics are mostly used for disconnecting paddle 
engines. Those kind of engines are frequently employed where quick 
turning round of the vessel is necessary, such as tugs, ferries, etc. 

105. An expansion joint is a stuffing box with gland complete ; 
they are for purposes of allowing pipes to expand or contract and also 
for the working of the vessel without risk of fracture. They are neces- 
sary for straight leads of pipes, or pipes leading from the boiler to the 
engine, or from the engine to the ship's side, or connecting two boilers 
together. They require that the packing be attended to from time to 
time and the gland be kept free to move. The surfaces in contact 
should be made of brass. 
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106. Omittmg to fit a collar with check bolts to prevent the pipes 
being blown apart, might lead to serious conseqaences. It is prevented, 
in the case of a trunnion pipe, by fixing to the pipe a bracket, which is 
secured to the engine frame. 

107. An oil cup is a small brass or cast iron box fitted with a lid, 
and having a syphon pipe in the centre, reaching up to within i" from 
the top. This pipe leads to the parts which require lubrication. The 
worsted is freed from twist, and has one end weighted, so as to keep it 
immersed in the oil. The other end is attached to a wire leading down 
the tube. The worsted is cleaned by scalding. The worsted down the 
tube must extend below the bottom of the oil box. 

108. A thrust bearing is a cast iron block with recesses to admit of 
brass collars to be 'fitted, and within which work a corresponding num- 
ber of collars on the shaft. It is to take the thrust of the propeller 
from the engines, and communicate it direct to the hull of the vessel. 
The fore and aft surfaces of the brass rings wear. Each collar requires 
an oil tube ; thus a number of tubes are required for a thrust bearing. 

109. The parts of a screw shaft generally covered with brass are 
where the lignum vitas bearing, and the stuffing box bearing is required. 
It is necessary to preserve the bearings from corrosion. The thickness 
of the brass is about i", 

110. The stem tube is a strong cast iron tube or pipe, secured at 
the stem post and the after bulkhead, and within which the screw shaft 
revolves. The length is required on account of the narrow part of the 
vessel through which it passes, and so as to reach the after bulkhead. 
It is made of cast iron or cast brass. The end next to the after bulk- 
head is secured by means of a flange cast on, and this being bolted to 
it. The after end is secured by means of a large nut, the tube itself 
being screwed for the purpose. 

111. A lignum vitaB bearing is a brass bush fitted with strips of 
lignum vitaB wood. They are fitted dovetailed, and secured by means 
of a oheckplate. This kind of bearing is generally used in stem tubes 
and outer bearings. 

112. The propeller is carefully fitted to the cone end of the shaft, 
and secured by feather keys sunk in on the shaft, and double nuts on 
the end. A checkplate is used to prevent the nuts from unscrewing. 

118. Sluice valves are placed on water-tight bulkheads, on both 
sides of the vessel. A large sluice valve is always fitted at the entrance 
to the tunnel from the engine room to enable the engineers to have free 
access to the tunnel. This sluice valve should be worked from the top 
platform, so that, in case of an accident happening, it could be closed 
easily. The attention it requires is to keep it in thorough working 
order. 
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114. The valves and cocks on the skin of the vessel -with condensing 
engines are the following: — In the engine-room, the main injection, 
main discharge, and bilge discharge valves, and a cock for water service 
for bearings. In the stokehole are the bottom blow-off, scum, and 
cooling cocks. 

115. The necessary fittings of a marine boiler are: — ^The safety, 
steam stop valves, bottom blow-off, and scnm cocks, feed check valves 
for main engine and donkey, the water goage glass and fittings, test and 
salinometer cocks. 

116. With a surface condensing engine the following valves and 
cocks are opened before starting. The steam stop valve, the main 
injection and the main discharge valves, all drain cocks to allow waste 
water to escape, feed check valves and water service cock. 

117. A steam jacket is a casing round the outside of the cylinder, 
the casing being supplied with fresh steam from the boiler; it is to pre- 
serve the steam in the cylinder from loss of temperature. A drain cock 
is fitted to drain all waste water away ; a cock is also fitted to admit 
or shut off steam to or from the casing. Jacketed cylinders are gener- 
ally used in compound engines, and should be well felted to prevent 
radiation. 

118. All steam pipes, boiler tops, superheaters, and cylinders should 
be felted, or otherwise protected from radiation. All smoke box doors 
and casings should be cased for the same purpose. 

119. , The small cylinders sometimes fitted on the slide valve casing 
cover of vertical engines are for the purpose of counterbalancing the 
weight of the slide valves and rods below them. The upper end of the 
slide valve rod carries a piston, which works in the small cylinder, 
which is open on the bottom to the slide valve casing, and on the top to 
the condeuser by means of pipes ; thus the piston has a constant upward 
pressure, keeping the whole in equilibrium. 

120. The principal pipes connected with engines and boilers are : — 
The main steam pipe connecting the steam stop valve to the throttle 
valve on the steam chest ; the exhaust pipe from the exhaust passage on 
the cylinder to the condenser ; the main injection pipe from injection 
valve to circulating pump ; the main discharge pipe from condenser to 
discharge valve on the ship's skin ; feed suction pipe from hotwell to 
pump valve chest ; feed discharge pipe from pump valve chest to feed 
check valve on the boiler ; bilge pump suction pipes leading to different 
parts of the vessel, each end having a strum attached ; the bilge pump 
discharge pipe from pump to discharge valve on the vessel's side ; the 
scum pipe from scum cock to cock on vessel's skin ; the bottom blow- 
off pipe from blow cock to cock on vessel's skin ; the waste steam pipe 
from the safety valves to the open air. 
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121. The water, from the sea iiigection roseplate, on its way to the 
water space of the holier, passes through the iiijection valve along the 
injection pipe into the condenser, then through the air pump into the 
hotwell, tiience through the feed suction pipe and valve chest to the 
feed pump, along the feed discharge pipe, through the check valve into 
the water space of the boiler. 

122. The circulating water of a surface condenser passes first 
through the main injection valve on the ship's skin, along the injection 
pipe to the circulating pump foot valve, through the pump and through 
the condenser tubes, thence through the discharge pipe and valve on the 
ship's skin into the sea. 

128. The steam, in passing from the boiler to the hotwell, where 
it airives in its condensed state, passes through the steam stop valve, 
along the steam pipe, through the throttle valve into the steam chest, 
through the H.P. cylinder into the L.P. steam chest, thence into L.P. 
cylinder, then through the exhaust pipe into the condenser, where it 
is condensed into water ; then it passes through the air pump foot valve 
and pump into the hotwell. 

124. The pieces of an engine through which the pressure is trans- 
mitted from the piston to the screw propeller are as follow : — The 
piston, piston rod, crosshead, connecting rod gudgeon, through the 
connecting rod to the crank pin, thence to the crank and shaft ; then to 
the couplings and bolts along the intermediate pieces of shaft, and 
couplings and bolts, to the screw shaft and propeller. 

125. An air vessel is a cast iron chamber fitted to pumps to secure 
a more uniform flow of discharge water. Its action is thus: — The 
chamber is filled with air ; then, as the pump forces water through the 
pipes, the water also enters the chamber, thus compressing the air in it ; 
as soon as the pump is done forcing, then the compressed air forces the 
water out of the chamber along the discharge pipe ; thus a uniform flow 
of water is maintained. An air vesisel is generally applied to all pumps. 

126. A mud box is constructed of cast iron, oblong in form, fitted 
with a hinged lid that may be easily opened, but which must be air- 
tight when closed. It is divided into two parts by means of a perfo- 
rated plate, which allows water to pass, but prevents all chips or dirt 
from passing to the bilge pump. They should be placed where they 
can be easily looked to and cleaned. They are necessary fittings to 
bilge pumps, as ensuring clear pipes. 

127. A trunk engine has a pipe or round trunk secured to the piston, 
which moves steam tight through stuffing boxes at each end of the 
cylinder ; piston rod and guides are dispensed with. The object is to 
reduce the distance between the crankshaft and cylinder, still retaining 
a good long connecting rod ; it must be also large enough to allow for 
the requisite vibration of the connecting rod. For a right-handed pro- 
peller the cylinder should be placed on the starboard side of the vessel, 
because the oblique strain of the connecting rod, when the engines are 
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going ahead, will press the piston on to the top side of the cylinder, 
thas neutralizing, to a great extent, the weight of the piston and trunk, 
otherwise it would wear the cylinder oval in a very short time. 

• 

128. An oscillating engine is an engine so constructed as to be sus- 
ceptible of vibrating upon two external trunnions. It also enables a 
connecting rod to be dispensed with. The piston rod being connected 
direct to the crank, it also allows the piston rod to accommodate itself 
to the movement of the crank. This kind of engine is generally adopted 
for paddle steamers, since there is no connectiug rod required. It can 
be placed under the crankshaft, thus economising space and height. 
The steam is conveyed to and from the slide valve casing through the 
hollow trunnions. 

129. The parts of which the valve motion gear of an oscillating 
engine consists are : — Two eccentric sheaves and straps ; two eccentric 
rods with radius link attached, in which slides a block attached to the 
valve sector, and in the slotway of the sector slides another block 
attached to one end of the valve shaft lever, the other end being 
attached to the shde valve spindle ; this sector is to allow for the 
oscillation of the cylinder, hence the radius of it must be taken fi:om the 
centre of trunnions to when the valve is at half stroke. 

180. Geared engines are sometimes used for screw propulsion. They 
are used to increase the revolutions, and at the same time to decrease 
the piston speed. The cogs of the large wheel are made of particular 
kinds of wood, such as live oak, beech, hornbeam, etc. 

131. The parts of a screw steamer where the pressure is applied to 
propel the vessel is at the thrust bearing, which is firmly secured to a 
wrought iron seating, stroDgly fixed to the hull of the vessel. 

132. The part of a paddle steamer where the pressure is applied to 
propel the vessel is at the paddle beams and bedplates, which are 
securely attached to the hull of the vessel. 

133. For common engines there is required from 41bs to 51bs of coal 
per I.H.P. For compound engines from 21bs to 31bs of coal per I.H.P. 

134. The explanation of the economy of surface condensers is this : — 
The feed water is fresh, and returns to the boiler at a good high tem- 
perature, thus saving the fuel that would be wasted if the scum had to 
be kept blowing, as in a common engine, to prevent the water becoming 
too salt. 

135. A surface condenser consists of a large cast iron chamber, each 
end having a tube plate and tube box with doors attached ; the tubes 
are made of brass, and pass through each plate. The ends are secured 
in the plates by means of compressed wooden ferrules, which swell after 
coming in contact with water, thus keeping the tubes effectually tight. 
A split tube is plugged at both ends, until it can be renewed. 
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186. Surface condensers fool from grease and oil on the steam side 
of the tahes, and should the condenser be worked at a high temperature, 
a deposit of saline matter will occur on the inside of the tubes. They 
are often cleaned by injecting soda into the condenser, and also, when 
in port, by taking the condenser end doors off, and inserting a small 
scraper into the tube and scraping all sediment off; or it may be done 
by scalding with hot water. 

187. The non-conducting substances generally employed are felt, or 
a cement specially prepared. They are secured with wood or canvas. 
The sur&ces are genenJly painted, and while the paint is wet the felt 
is applied to make it adhere ; the cement is generally applied about 
three inches thick, and secured by wood. 

188.' Provision is made to lessen radiation by smoke-box doors and 
dry uptakes by means of air casing, standing about 2^ from them, which 
allows the cold air to circulate freely round them. 

189. The formation of black smoke can be prevented bv careful 
stoking, and by admitting a small quantity of air into the combustion 
chambi^. Smoke -preventing apparatus all aim at giving a further 
supply of air to the furnaces. 

140. By circulation in a boiler is meant, the water nearest to the 
heating surfaces expands and becomes lighter, thus rising to the surface 
and giving place to the colder water, which, in its turn, becomes heated 
and expanded, and rises to the surface ; thus a constant circulation of 
-waXer is going on in the boiler. The results of defective circulation 
are : — ^Priming, salting, and damaged plates. 

141. The means sometimes adopted to improve circulation is by 
having circulating pipes in some parts of the boiler, which will allow 
the water to descend freely. 

142. The circulation is promoted in haystack boilers by putting 
cross tubes in the flame box. 

148. A ship's side air-pump discharge valve is a cast iron chest, with 
brass valve and seat fitted, a spindle being attached to the valve, working 
up through a stuffing-box and gland in the cover ; it is weighted so as to 
keep shut of its own accord. It differs from a common valve inasmuch 
as it is self-acting, and does not screw up or down, but can be kept up 
or down by means of a cotter passing through the spindle. The atten- 
tion it requires is to see that it is peHectly water-tight, otherwise wat^r 
from the sea would find its way into the hotwell. 

144. A feed escape valve is a cast iron chest fitted with a brass valve 
and seat, having a spindle working up through a stuffing box and gland 
in the cover. On each side of the spindle is a pillar, the pillars are con- 
nected at the top by a plate ; the adjusting screw passes through the 
centre of the plate, the spring is fixed between this screw and the 
spindle. The discharge is in connection with the hotwell or suction 
pipes. The loading of the spring is regulated by means of the ac^usting 
screw. 
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145. With no feed escape valve, the feed check valve has no adjust- 
ment, and a cock or valve is fitted on the suction pipe to regulate the 
suction. 

146. The measure of a horse power is the force required to raise 
8d,0001hs one foot high in a minute. Indicated horse power is ascer- 
tained from indicator diagrams taken from engines, by finding the mean 
pressure throughout the stroke, and by counting the number of revolu- 
tions per minute the engine is going. The formula is : — 

area of piston in inches x mean pressure x speed of 

piston in feet per minute. 

I.H.P. = 

88000. 

147. Nominal horse power has no definite meaning, each engine 
builder having a measure of his own. The expression is only used as 
a means of comparing different engines. 

148. Back pressure means the resistance offered to the piston oppo- 
site to the side to which steam is applied. It generally amounts to 
about 81bs per square inch. 

149. By speed of piston is meant the number of feet travelled by 
the piston in one minute. It is found by twice the length of stroke x by 
the revolutions of the engine per minute. The piston speed of modem 
marine engines is about 850 feet per minute. 

150. Atmospheric pressure is the pressure exerted by the atmo- 
sphere at the sea level. Its average amount is about 14.71bs per square 
inch. The barometer shows it. 

151. Gross or absolute pressure is the atmospheric pressure plus 
the steam pressure. The steam guage shows the pressure above the 
atmospheric pressure. 

152. By the words " cutting off '* steam is meant the closing of 
the steam port by the slide valve, thus cutting off a further supply of 
steam to the cylinder. It is done by the slide valve. The part of the 
slide valve which regulates the cut-off is the outer edges. 

153. The time of exhausting is fixed by the amount of inside lap 
given to the valve, and also by the setting of the eccentric sheave. It 
depends upon the inside edges. 

154. The time of closing the exhaust is fixed by the amount of 
inside lap given to the slide valve. After the exhaust port is closed, 
and before the port is opened for steam, the steam remains in the cylin- 
der; it becomes compressed, thus forming a cushion to the piston at 
the end of the stroke. 

155. The lead of the valve is the measured amount that it is open 
when the engine is on its top or bottom centres. The object is to pre- 
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serve nnifonnity of action, so that the piston may come to a state of 
rest gradually, and also that the engine may commence its stroke with 
pressure ahoat ^^ on the top and i" or f on the hottom. 

156. The '< cover" or <'lap" of the slide valve is the measured 
amonnt which the outer edge of the valve overlaps the steam port, with 
the valve standing in mid position. Its ohject is to cut off the steam 
from the cylinder at a given part of the stroke, thus allowing the re- 
maining part of the stroke to he accomplished by expansion of the steam. 
A good proportion is about J of the stroke of the valve, but it all depends 
upon the cut off required. 

157. "Exhaust cover'* or << exhaust lap" of a slide valve is the 
measured amount which the inside edge of the valve overlaps the steam 
port with, the valve standing in mid position. It increases cushioning 
and delays exhaust. 

158. " Minus cover " or " minus lap " on the exhaust is the 
measured amount which the inside edge is open to the exhaust, with 
the valve standing in mid position. It decreases cushioning and hastens 
exhaust. 

159. ''Cushioning" or ''compression" in a steam cylinder is 
caused by the communication of the cylinder with the condenser being 
closed before the end of the stroke, thus allowing the steam which 
remains in the cylinder to be compressed, and which thus acts as a 
cnshion to the piston, and brings it gradually to a state of rest, by which 
means the heavy thud or knock which otherwise would occur is avoided. 
It is affected thus: — Should there be "cover" on the exhaust side, 
then cushioning would be increased ; should there be minus " cover,'' 
then cushioning would be diminished. 

160. " Mean effective pressure " is the average of all the variable 
pressures throughout the whole stroke. It is ascertained by measuring 
the average width of an indicator card. 

161. A dial vacuum guage is an instrument which shows the differ- 
ence between atmospheric pressure and any other pressure le^ss than 
the pressure of the atmosphere. It consists of a thin elliptical metal 
tube, bent into a ring, and in communication with the condenser at 
one end, the other end being connected by a link to a toothed sector 
gearing with a small pinion, with a pointer attached, which indicates 
on a graduated index, and shows the amount of vacuum in the con- 
denser. The principle of it is, the tube seeks to coil itself up by the 
atmospheric pressure acting on the outer surface, with a partial vacuum 
in the inside of the tube. It is used to indicate the amount of vacuum 
in the condenser. When the engines are working right, it should in- 
dicate from 25 to 28 inches of vacuum. The variations indicate an 
increase or decrease of back pressure on the piston. 
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162. The vacuum guage does not indicate the exact pressure there 
is in the condenser ; you must have recourse also to the barometer. 
The actual amount of back pressure in the condenser is the difference 
between the barometer and the vacuum guage. 

168. A barometer is an instrument for measuring the pressure of 
the atmosphere. It consists of a glass tube placed vertically, and about 
82 inches long, filled with mercury, and hermetically sealed at one end, 
the other end being open to a cup of mercury, which is open to tha 
atmosphere. The mercury in the glass tube falls until the column oF 
mercury is balanced by the pressure of the atmosphere, thus shewing 
the least variations of atmospheric pressure. The difference between 
the barometer and vacuum gucge barometer is, that the top end of the 
glass tube, instead of being closed, is open to the condenser, and is bent 
in the form of a syphon pipe. Should the vacuum be perfect the mer- 
cury would be forced up one log of the pipe or tube, thus indicating the 
amount of vacuum. Should the guage not be working, the mercury 
would stand in equal heights in each leg of the tube. 

164. Both guages are graduated from atmospheric pressure. The 
steam guage indicates the pressure above the atmosphere, and the 
vacuum guage indicates the pressure below the atmosphere. The 
readings of the steam guage must have the atmospheric pressure added 
to obtain the true actual pressure in the boiler. The vacuum guage 
gives the true actual pressure below the atmobpheric pressure. 

165. If the steam guage shows 601bs per square inch, the vacuum 
guage lOlbs per square inch, and the barometer equals 151bs per square 
inch, the difference of pressure between the condenser and boiler will 
be 701bs per square inch. 

Steam pressure 601bs 

Atmospheric pressure 15 

75 

The difference between vacuum guage and barometer ... 5 

Difference between boiler and condenser pressure 701bs 

166. The meaning of the words ** inches of vacuum " is derived 
from the use of mercurial guages ; thus a column of mercury is 
balanced, for every two inches rise in the tube, by lib of atmospheric 
pressure ; thus when we speak of 20 inches of vacuum, we have lOlbs 
pressure per square inch. The pressure of the vapour in the condenser 
is found by taking the difference of the barometer and vacuum gua^e. 
Thus, should the 

Barometer indicate...l51bs 
Vacuum guage 10 



Then 61bs is equal to the pressure of the vapour in 

the condenser. 
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167. A pomp will draw from about 26 feet. The theoretical limit 
is 84 feet, bat the air above the water in the pump camiot be com- 
pletely exhausted, so that water will rise little abova 25 feet. The 
limit that water will rise in a pipe with a perfect vacaam above, and 
the barometer standing at 80 inches, is 84 feet high. The reason is 
that the atmospheric pressure will not balance a weight greater than its 
own pressure. 

168. Vacuum is a space void of air, vapour, or water. Vacuum and 
atmospheric pressure can work an engine, but not vacuum alone. There 
cannot be a vacuum with water in a condenser at 212° F. The water 
would boil and give off vapour at that temperature. 

169. A thermometer is an instrument for measuring heat. It con- 
sists of a glass tube and bulb, containing mercury or spirits. The tube 
is connected to a graduated scale, which indicates the height of the 
mercury in the tube. The property of mercury or spirits is that they 
expand by heat and contract by cold, thus indicating a high or low tem- 
perature. Marine engineers use it for purposes of testing the heat of 
water drawn from the boiler, to test its density by the salinometer. It 
is used for testing the heat of the engine-room ; also for testing the 
feed water. 

170. The temperature of melting ice is 82° F. ; of boiling water, 
212° F. ; of steam at 60lbs. pressure, 294° F. ; of superheated steam, 
880° F. ; of smoke in the funnel, 600'' F. ; and of water in the hotwell, 
110«F. 

171. By '' conduction " of heat is meant heat passing from particle 
to particle of a solid body ; thus, if a bar of iron be put into ^e fire, 
the heat will travel from one end to the other. In a boiler the heat 
passes from the outside of a plate to the inside, and in a cylinder from 
inside to outside by conduction of heat. 

172. By ** convection " of heat is meant, the conveyance of heat 
from one place to another; thus the water about the furnaces is 
heated, expand, and become lighter, causing it to rise to the surface, 
and giving place to the colder water, which, in its turn, descends and 
becomes heated; thus heat is conveyed from one place to another. 
Heat is conveyed by the passage of steam from the boiler to the engine. 

178. By << radiation ** of heat is meant, the spreading out of heat in 
straight lines in every direction. When the boiler is heated, it will give 
out its heat to surrounding bodies that are cooler than itself by radia- 
tion, and to prevent this the top of the boiler is covered with some non- 
conducting material, thus keeping the heat frem radiating. The cylin- 
ders and steam pipes are similarly covered. 

174. Heat from the glowing fael to the furnace crown is radiation 
and convection ; heat passing from one side of the fiimace crown plate 
to the other is conduction ; heat passing from the steam pipes in the 
engine-room is radiation ; heat of evaporation is convection. 

5 
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175. The effective heating surface^ of a marine boiler are^ The 
furnace crowns ; combustion chamber plates ; tube plates and tubes. 
An objection to vertical heating surfaces is, that the heat does not strike 
the vertical surfaces so effectually as it does the horizontal surfaces. 

176. The parts of a marine engine exposed to danger when the tem- 
perature is below freezing point are : All close chambers, condensers, 
pipes, and all pumps. 

177. The necessary precaution is to run all water out of chambers^ 
condensers, pipes, and all pumps. 

178. A boiler might not get its full feed through leaky boilers, leaky 
joints or pipes, leaky feed check valve, through the feed pump escape 
valve spring becoming eased back, thus allowing the discharge water to 
return to the suction valve again. 

179. Furnace bars are generally made of cast iron, about one inch 
thick at the top, with about half inch space between them. The bars 
are put further apart for Welsh coal. 

180. Newcastle coal bums faster ; it is the flaming coal, and it 
makes the most smoke. 

181. About 11^ tons of coal per day. For example, take the length 
of furnace to be 6ft., and allowing 151bs of coals to be burnt per hour 
per square foot of grate surface. 

Famaoes. Width. Length. Hours. lbs. 

4x3x6x24x15 

We have = 11.5 tons. 

22401bs. in a ton. 

182. Taking f beam for height, and f of height for immersed section, 
Beam2 

then = area of immersed section ; using formula given by 

2 
Boulton and Watt S^ A 

LH.P. = 

C 
When S = speed of vessel per hour, 
,, A = area of immersed section, 
„ C = co-eflBicient, which differs for different vessels ; 
but may be taken at 800 for those of ordinary type. Then allowing 31b s 
per I.H.P. per hour, we get 32 tons per day. 

183. About 15 tons per day would be required for an ordinary pair 
of surface-condensing engines. By allowing 28 circular inches to one 
N.H.P., and assuming that the I.H.P. is four times the N.H.P. , and 
allowing 81b per I.H.P., we have the following formula : — 

lbs. Hoars. 

f 2 dia.2 X 3 X 24 

' 4 N.H.P. = 15 tons. 
28 X 2240 
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184. The difference caused by the loss of the liner under the circum- 
stances named, will be that on the upstroke the admission of steam 
wonld be later, the cut-off earlier, and tiie exhaust would open earlier ; 
on the downstroke the admission of steam would be early, the cut-off 
would be late, and the exhaust would be late. 

185. In a right-handed propeller, with the engines going ahead, the 
pressure would be greatest on the port side bar, both in tiie upstroke 
and the downstroke. 

186. A screw propeller getting slack on the shaft, and with a little 
side play on the feather key, would indicate itself by a noise and vibra- 
tion in ike engine room, more particularly in the starting or reversing of 
the engines. 

187. I would disconnect the piston rod from the crank, place the 
crank on the top centre, with the piston rod drawn out as well, measure 
the distance from the piston rod to the crank cheek ; now turn the 
crank on the bottom centre and push the piston rod down also, see if 
the distance is the same top and bottom ; if not, then the centre line of 
trunnions are not in a line with the crankshaft. 

188. By removing the cout>ling bolts, and observing whether the 
shaft falls out of line. 
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VEBBAL QUESTIONS. 



1. You find your guage glass full of water ; what would you do ? 

Ans. Open the hlow through cock to blow the glass clear ; if it rose 
again, then open the test cocks ; should all give water, then blow the 
boiler down. 

2. The n.P. slide valve breaks ; what would you do ? 

Ans. Bemove the pieces, remake the joint, and work with the L.P. 
engine. 

8. Would you retain the same boiler pressure, or would you reduce 
it? 

Ans. I would reduce it to 201bs. or 251bs. pressure per square inch. 

4. What would you do if your L.P. slide valve breaks ? 

Ans. Bemove the pieces, remake the joint, and work with the H.P. 
engine. 

6. Would you carry the same steam pressure as before ? 

Ans. No ; the L.P. steam chest would become part of the condenser, 
so that now you would have the original pressure + vacuum, which 
would throw too great a strain on the working parts, and possibly cause 
a breakdown. It would be advisable to reduce the pressure to the 
original pressure — vacuum. 

6. Suppose your crank pins become heated at first starting, and con- 
tinued the whole voyage ; what would you suppose to be the cause of it, 
providing your brasses were good and clean ? 

Ans. The crank pins would have too little bearing surface. 

7. How would you remedy the above defect ? 

Ans. I would make the cut off occur later, and reduce the steam 
pressure, which would give more equal pressure throughout the whole 
stroke. 

8. Show the preceding statement by means of a diagram, and give 
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the pressure you would work at. The original 
601b8., cut off i stroke. 







I would work at 501bs. pressure, and make the cut off f of stroke, 
thus keeping the same mean pressure on the piston, and decreasing the 
pressure on the crank pin. 

9. Your crank shaft on after engine breaks ; what would you do ? 

Ans. If the crank shaft be in duplicate, take the fore part, and put it 
in the place of the after part. 

10. How would you put the crank on the centres ? 

Ans. Place the crank a little off the centre, and by means of a 
trammel, which has one end in a centre dab on the column, draw a line 
across the end of the crank web, also mark the position of shoe on the 
guide ; now turn the crank past the centre until the shoe comes down 
to the mark on the guide, make another mark with the trammel, find 
the centre of the two marks, and make a centre punch dab, turn the 
crank back until the trammel points in the dab, then the crank is on the 
centre. 

11. You have two equal sized pipes from the bilge, one comes direct 
to the air pump, the other to the condenser ; which pipe would draw the 
most water away from the bilge ? 

Ans. The one on the condenser, because of the constant vacuum. 



12. Would you open the cock on the condenser full, or what would 
be your limit ? 



dd fiXAllINATIONS Off ENOlNEEBS. 

Ans. I would open it sufficiently to allow the air pump to keep the 
condenser from having too much water. 

18. What are the evils arising from using this cock ? 

Ans. All dirt is forced up into the condenser and pump, thus gagging 
the valves, and supplying the boiler with impurities.^ 

Note. — Bilge injections are fitted to the circulating pump on surface 
condensing engines. 

14. What would you do supposing (a) the air pump broke down, 
(b) the circulating pump, (c) the feed pumps, (d) the bilge pumps ? 

Ans. (a) Take condenser end doors ofT, and draw a good number of 
tubes, remake the joint, open the jet injection valve, thus allowing the 
circulating pump to draw all the water and condensed steam away. I 
would also partly close the main injection valve ; the boilers would have 
to be fed with salt water, (b) I would start the donkey for purposes of 
circulation, (c) I would start the donkey for feeding the boiler, (d) I 
would connect the donkey to the bilges and pump overboard. 

15. Explain fully the steps you would take on a leak gaining upon 
the vessel ? 

Ans. Put both bilge pumps to work, start the donkey, open the bilge 
injection valve, and place a hand to look after the strums to prevent any 
dirt or chips from entering the pumps. 

16. Supposing the bilge injection gets stopped up, what would 
you do ? 

Ans. I would try all means to clear it. If I could not get it clear, 
then I would cut some holes higher up the pipe, but as low as possible 
in the water, place a basket over the end to act as a strum, and place a 
man to keep it clear. 

17. Supposing both connecting rods broken ; what would you do ? 

Ans. Disconnect the shaft, thus allowing the propeller to revolve 
freely. 

18. Supposing your go-ahead eccentric broke, what would you do ? 

Ans. Place the go-astern one in its place, and secure the end of the 
reversing link ; also inform the officer in charge on deck that the 
engines would not reverse. 

19. Supposing your H.P. slide valve spindle breaks, what would 
you do ? 

Ans. Remove all the valve motion gear, take the slide valve out and 
secure the stuffing box with a blank flange, and work her with the L.P. 
engine, but with less pressure. 

20. If the safety valve is set fast, how would you relieve the pressui*e 
in the boiler ? 
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Ass. Close the damper and check the fires, putting on all feed, and 
letting the steam pass through the engine. 

21. How would you feed the hoiler when the engines are not 
working ? 

Ans. By the donkey, or hand feed pump. 

22. How many valves has a feed pump ? Name them. 
Ans. Three. Suction, discharge, and overflow valves. 

28. How many valves has a hucket air pump ? Name them. 
Ans. Three. Foot, bucket, and head valve. 

24. Supposing the lap and lead to be the same top and bottom, on 
which side of the piston would the steam be cut ofT earliest ? Why ? 

Ans. On the bottom. It is owing to the obliquity of the connecting- 
rod. 

25. Is it more or less equal in the case of a short or long connecting- 
rod? 

Ans. It is more equal in the case of a long connecting-rod. 

26. Is there more or less water in a cubic foot of high or low 
pressure steam ? 

Ans. There is more water in a cubic foot of high pressure steam. 

87. How much steam at atmospheric pressure will one cubic inch of 
water make? 

Ans. One cubic foot of steam. 

28. How could you tell if the condenser tubes were leaking ? 

Ans. By the water rising in the boiler, or by tasting the feed water. 

29. What would you do if the water in the boiler fell below the 
lowest test cock ? 

Ans. Draw the fires, ease the safety valves and work the steam o£f, 
open smoke box doors, examine tube ends and combustion chamber, 
pump the boiler up with water, see if any tubes leak, if so, plug them 
up, Ught fires, raise steam, and proceed. 

80. You have two boilers, and the check valve of one of them is 
broken, what would you do to regulate the water in the boiler ? 

Ans. Allow the boiler with the broken valve to feed up what it would, 
taking pare not to allow the salt water feed to be opened (unless required), 
closing the feed check valve on the other boiler, and allow the donkey to 
draw from the hot well, and pump through the donkey feed check valve 
into the boiler. 
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81. How do yon change the water in the boiler ? 

Ans. By feeding np and scumming or blowing off from the bottom. 

82. Give the boiling point of fresh water, sea water, and the limit of 
the boiler water in the open air, and explain what effect the height of 
the barometer has npon them ? 

Ans. Fresh water boils at 212", sea water at 218*2°, boiler water 
shonld not exceed more than 214*4"*, for every rise of ^ inch in the baro- 
meter '8"* ought to be added, and for every ^ inch fall 'B** ought to be 
subtracted. 

83. Supposing you lost your salinometer, and you wished to test the 
density of your boiler water, what would you do ? 

Ans. Draw some water off, boil it, and test its boiling point by the 
thermometer, also consulting the barometer. 

84. You are in the engine-room, for some reason you have not 
noticed the steam guage, the steam has got up very rapidly, safety 
valves have set fast, what will you do to relieve the boiler of its pres- 
sure ? 

Ans. Close all dampers, put all feed on, open the scum cock and blow 
off a little, and work it down by the engine. 

85. If the blow off cocks are set fast, how would you change the 
water in the boiler ? 

Ans. By using the scum cock. 

86. You have three furnaces, and the coals are so bad that one of 
the fires has to be constantly out for cleaning, what would the con- 
sequence be ? 

Ans. A great loss of steam ; it would be the means of causing the 
tube ends and other joints to leak. 

87. How are the boilers kept supplied with water ? 

Ans. By the feed pumps drawing water from the hot well, and forcing 
it into the boiler. 

88. What are stuffing boxes ? 

Ans. Recesses formed round piston rods, pump rams, &c., to contain 
packing, which is kept in position by a gland screwed up to keep them 
steam or water tight. 

89. What are the uses of the slide valves ? 

Ans. To allow the admission and exit of the steam on the top and 
bottom side of the piston. 

40. How do you know when the engines are starting properly ? 

Ans. By observing the vacuum guage rising steadily, by feeling the 
discharge pipe, and by noticing that all parts of the engine are working 
smoothly. 
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41. Supposing all the bolts of one oonpling were broken, and you 
had no others to pnt m, what would you do ? 

Ans. I woold take one bolt from each of the other conplings until I 
eonid get more. 

42. What would you do before leaving the engine-room after arriving 
in port? 

Ans. Draw all fires and ease the safety valves. 

48. What would you do on coming on watch ? 

Ans. Look at the steam guage and glass water guage, test the water 
in the boiler by the salinomctcr, sec that all the working parts are cool 
and well lubricated, examine the tunnel to see if all things are right, 
and see that the firing and stokehole is properly attended to. 

44. You are on watch, and you find one boiler with the water falling 
in the glass, what would you do to got more water into the boiler. 

Ans. Open the check valve full and ease down the other, also open 
the salt-water feed oook a little. 

46* Name the cooks and valves that open into the sea ? 

Ans. Main ixgection, main discharge, donkey suction, donkey dis- 
ohargOi blow off, ash cooling, and water service cocks. 

46. Explain the use of the cylinder, and name the different valves 
and cooks fitted to it ? 

Ans. The use of the cylinder is to receive the steam from the boiler, 
and the steam by its elastic force on the surface of the piston gives 
motion to the engine. The valves and cocks are : — Slide valves, expan- 
sion valves, throttle valves, escape valves, dram cocks, and grease cups. 

47. What is the use of the throttle valve ? 

Ans. To regulate the flow of steam to the steam chest. 

48. What is the use of the stop valve ? 

Ans. To close or open communication between the engine and boiler, 
or between two boilers. 

49. What is the reverse or atmospheric valve ? 

Ans. It is a valve fitted to a boiler of low pressure; it opens inwardly ; 
it prevents a vacuum from forming in the inside of a boiler. 

50. What is the hotwoU ? 

Ans. It is a large tank or chamber to roooive the condensed steam 
pumped up from the condenser by the air pump. Should it become too 
full a discharge valve is fitted to the ship's side to allow the surplus 
water to be discharged overboard. 

6 
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51. How would you increase the mean pressoie in the eylinder ? 
Ans. By taking some of the lap off and rea^nsting the eoeentrie. 

62. Supposing yon had a fieialty crankshaft, and the firalt lay in the 
second hearing on tiie fore engine, what would you do ? 

Ans. I would put more lap on the slide valve, and advance the 
eccentric sheave so as to have the greatest strain upon the after engine. 

68. What means would you use to ascertain whether the outer end 
of a paddle shaft was down ? 

Ans. I would disconnect the cranks, and turn the cranks on the top 
centre, and measure the distance between the two fiaces close to the 
crank pin, then turn the cranks on the bottom centre, and measure the 
distance between the two faces at the same points. If they were equal, 
then the end of the shaft would be in a line with the intermediate shaft ; 
if they were further apart at the top, then the outer end would be 
down. 

64. What means would you use so as to ascertain whether the 
outer shaft was out of centre line with the intermediate one ? 

Ans. I would disconnect the two cranks, place them on the top 
centre, find the centre of the outer shaft, make a guage reaching from 
the centre to close up to the crank pin on the opposite crank, and make 
a mark, turn the cranks on the bottom centre, see if the guage will reach 
the mark, if so, then the shafts are in a line ; suppose the guage reaches 
beyond the mark then the centre of the outershaft is below the centre of 
the intermediate shaft. 

65. To what is the auxiliary feed connected ? 

Ans. It is connected at one end to the circulating discharge water, 
and leading into the hotwell or condenser. 

66. What is its use ? 

Ans. To allow a little salt water to mix with the feed water to supply 
what has been lost by leakage through stuffing boxes, &c. 

57. What is the use of the hotwell discharge valve ? 

Ans. It is used in case the engines are to be worked common jet, or 
in case of too much water accumulating in the hotwell. 

58. How would you increase the temperature of your feed water ? 
Ans. By using less circulating water. 

69. What would be the disadvantage should the temperature get too 
high? 

Ans. There would be a bad vaccuum, and the air pump valves would 
be destroyed. 

60. Suppose an engineer by an act of carelessness closed the feed 
check valve close down, what would happen ? 
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Ans. The feed pomp overflow valve would come into operation, thus 
preventing the pipes from bursting. 

61. If the bridle links were broken, wl^at would you do ? 

Ans. I would attach pairs of rope blocks to each end of the reversing 
link, the other end of the blocks attached to eye-bolts secured to the 
bunker or ship's side. 

62. If the bottom half of the go-ahead eccentric strap were to break 
what would you do ? 

Ans. Take the go-astern half strap and fix it in the place of the 
broken half, and hang some heavy weight on the end of the reversing 
link to keep the go-astern half strap on the sheaf ; of course she would 
not reverse. 

68. Suppose the go-ahead sheave were to break, what would you do ? 

Ans. Remove the broken sheave, and fix the go-astern one in its 
place, and secure the end of the link ; in this case also the engine could 
not be reversed. 

64. If your bottom end bolts were to break, what might be the 
result ? 

Ans. The cylinder cover and piston might be smashed, or the cylinder 
bottom knocked out ; cast iron columns and cylinders have been cracked 
or broken by such a break. 

65. How much lead would you give the H.P. engine and the L.P. 
engine? 

Ans. The H.P. engine ought to have ^ on the top, and ^ on the 
bottom ; the L.P. engine on Ihe top ^, and on the bottom 3^. 

W. How would you set valves ? 

Ans. By putting the engine on the top and bottom centres, and 
placing the sheave so that its centre would be the amount of lap and lead 
added together, below the centre line of shaft with the engine on the 
top centre, and above the centre line of shaft with the engine on the 
bottom centre ? 

67. About what part of the stroke would you make her cut o£f at ? 
Ans. About ^ or ^ of the stroke. 

68. How is it done ? 

Ans. By putting more or less lap on the slide valve. 

69. How can you make the engine cut off earlier with the same amount 
of lap, and without altering the sheave ? 

Ans. By '' linking up.'* 

70. Can you gain a very early cut-ofi' by this means ? 
Ans. No. 



44 KXAltlKATlONS OF EKOINEEBS. 

71. What e£fect would this have on the lead of the slide valve ? 
Ans. It wonld increase the lead. 

72. Which is the most approved way of gaining expansion ? 
Ans. By using a separate expansion valve. 

78. Is it generally adopted on compound engines ? 
Ans. No. 

74. Why ? 

Ans. Because the principle of the compound engine itself is the prin- 
ciple of expansion carried out to its fullest extent, 

75. Explain how this occurs ? 

Ans. The steam enters the H.P. cylinder at a high pressure ; it is cut 
o£f at half stroke, and allowed to expand the rest of the stroke ; it 
exhausts into the low pressure steam chest and enters the L.P. cylinder, 
where it is again cut off at half stroke, and allowed to expand again, 
thus obtaining the best expansion and most useful work out of a small 
quantity of steam at a high pressure. 

76. Which class of engine are expansion valvesmostly used on ? 
A])s. On ordinary surface condensing engines. 

77. About what pressure do they generally work at ? 
Ans. About 40lbs. per sq. in. 

78. About what part of the stroke do they generally cut off at ? 
Ans. About J of the stroke. 

79. Which is the most economical engine, the compound or the 
ordinary engine ? 

Ans. The compound engine. 

80. What is the relative proportion per lb. of coal burnt per I.H.P. 
for each engine ? 

Ads. The compound engine bums about Ijlbs. to 21bs., whereas the 
ordinary engine burns from 81bs. to 41bs. of coal per I.H.P. 

81. What is friction ? 

Ans. Friction is the resistance offered to one body when rubbed upon 
another body. 

82. Does friction increase with the extent of rubbing surface ? 

Ans. No, so long as there is no heating, the friction is simply due to 
the pressure applied, so that a bearing may be as long again, and the 
friction not increased, but the durability of the bearing will be increased 
considerably. 
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88. Does friction increase with the velocity ? 

Ans. Yes, if compared with the time during which friction acts, thas 
if the engine makes 80 rev. per minute, there is a certain amount of 
friction generated ; hut if the revolutions are increased to 60 per minute, 
then the friction is increased twice, viz., for every stroke of the engine 
there is a certain amount. 

84. What is meant hy vacuum ? 

Ans. An empty space, in which there is neither water nor air. 

85. Is there a perfect vacuum in the condenser ? 

Ans. No, because the condensed steam always emits a vapour, thus 
eausing a slight pressure. 

86. What instrument indicates the amount of vacuum in the con- 
denser? 

Ans. The vacuum guage. 

87. Upon what does the forming of a vacuum depend ? 
Ans. Upon the efficient working of the air pump. 

88. What are the different kinds of steam used ? 
Ans. Superheated, combined, and saturated steam. 

89. What is meant by superheated steam ? 

Ans. The steam, after leaving the steam space in the boiler, passes 
through a tube or pipe into a chamber called the superheater, which is 
genertdly situated at the base of the funnel in the uptake, so that it is 
always surrounded with the heated gases, which would otherwise be 
wasted, thus increasing the sensible heat to a higher degree than the 
boiling point of water by no increase of consumption of fuel. 

90. What objection is there to using superheated steam ? 

Ans. It destroys all packing in stuffing boxes very rapidly; the 
cylinders and valve faces require a great amount of lubrication ; it acts 
very injuriously upon the surface of the cylinder and valve faces, causing 
them to cut in some cases. 

91. What is meant by combined steam ? 

Ans. It is the amalgamation of superheated steam and steam 
direct from the boiler. 

92. What is meant by saturated steam ? 

Ans. The steam which comes direct from the boiler without having its 
temperature increased more than what is due to boiling water. 

' 98. Which is the most beneficial in all respects ? 
Ans. The combined steam. 
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94. What is tho role for finding the N.H.P. of a modem compound 
engine? 

Da + da 

= N.H.P. 

82 
When D^ diam. of large cylinder in inches. 
„ da „ small „ „ 

„ 82 is constant or varies with di£ferent engine builders. 

95. About how many times the N.H.P. does an engine work actually 
up to generally ? 

Ans. About six times. 

96. What is the formula for working out the I.H.P. from an indicator 
card? 

axmx2sxr 

= I.H.P. 

88,000 
When a area of cylinder. 

„ m mean pressure on the piston. 

, , s stroke of engine. 

„ r revolutions per minute. 

97. Give the relative strengths of cast iron and wrought iron in 
tensile and compressive strains ? 

Ans. Wrought iron will stand twice the strain cast iron will in 
tension. Cast iron will stand twice the strain wrought iron will stand 
in compression. 

98. Which is the best arrangement of engine for paddle boats ? 
Ans. The oscillating. 

99. Why is this kind of engine preferred ? 

Ans. On account of the little space occupied ; it consists of few parts, 
the piston rod being connected direct to the crank, thus dispensing with 
a connecting rod. 

100. How is steam admitted and released from an oscillating 
engine ? 

Ans. It is generally admitted by the two outside tnmnions for the 
sake of convenience, so as to reserve the two inside trunnions for the 
release or exhaust steam, which are nearest the condenser. 
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BOILEE. 

1. Trace the eomboBtion of coal ? 

Aub. The coal is thrown upon the firebars, the smoke and gases pass 
o^erthe bridge into the combustion chamber, through the tubes into the 
smoke-box, through the uptake, and then up the funnel. 

2* What is coal composed of ? 

Ana. Carbon, hydrogen, nitrogen, sulphur, oxygon, and ash. 
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8. Name all doors about a boiler ? 

Ans. Fire doors, smoke-box doors, ash pit doors, manhole doors, and 
sladge doors. 

4. Name all pipes about a boiler ? 

Ans. Funnel, main steam pipe, donkey steam pipe, waste steam pipe, 
blow off and scum pipe, feed pipes, pipes connecting water guages and 
drain pipes for test cocks and water guages. 

5. Name all the cocks and valves about a boiler ? 

Ans. Safety valve, main steam stop valve, feed check valves, reverse 
valves, blow off, scum, whistle, test, water guage, and salinometer 
eoeks. 

6. Name all the internal parts of a boiler ? 

Ans. Furnaces, combustion chamber, tubes, tube plates, and stays. 

7- What is steam space ? 

Ans. The space in a boiler above the water. ' 

8. What are tubes used for in a boiler ? 

Ans. To afford more heating surface to the water by which they are 
surrounded, thereby creating steam more rapidly, and also saving much 
useless weight of water being carried. 



9. How high should the water stand above the tul)es ? 
Ans. About 6 inches. 
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10. How would you detect a thin plate in a boiler ? 

Ans. By tapping with a hammer, or drilling a hole through and plug- 
ing it again. 

11. What would you do if you found the plates wasted very much ? 
Ans. Beduce the pressure ? 

12. Suppose you have six boilers, and after being underweigh yoti 
found five of them are getting feed water, but the sixth is not feeding at 
all, what would you suppose to be the cause of it ? 

Ans. An excess of pressure in the sixth boiler. 

18. What form of boiler is strongest ? 
Ans. Spherical, then cylindrical. 

14. What fixes the pressure to be allowed on a circular boiler ? 
Ans. The diameter and thickness of plates. 

15. What is the formula for the pressure ? 

8 X 2t 

P 

d 
When P pressure to be allowed. 
,, 8 strain per sq. in. on plate. 
,, t thickness of plate. 
,, d diameter of boiler in inches. 

16. Does a spherical boiler require stays ? 
Ans. No. 

17. Why? 

Ans. Because the pressure acts on the shell in all directions. 

18. What parts of a circular boiler require staying ? 

Ans. The ends and all flat surfaces, such as combustion chamber 
backs and sides. 

19. Why are large wrought iron girders placed across combustion 
chamber tops ? 

Ans. To prevent them from collapsing. 

20. How would you strengthen a furnace tube ? 
Ans. By riveting a piece T iron on the outer surface. 

21. How would you fix it ? 

Ans. I would encircle it round the tube, and insert short distance 
pieces to keep it from the tube, and rivet them all together, thus allowing 
the T iron to stand off the plate to allow the water to come in contact 
with the tubes as before ; by this means the plate would not be liable to 
brun or become unduly heated. 
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22. Whioh would be strongest, a Up joint or a butt strap joint of a 
fomaee tube 7 

AnSr The butt strap joint. 

28. Why? 

Ans. Beeaose it would form a true section of a oirole. 

a. What is the limit of strength of a tabe ? 
Ans. Its diameter, thickness, and length. 

25. What is the rule for the collapsing strain of furnace tubes ? 

89000 X Ta 
An«. — _._ -_. pressure to be allowed per square inch. 
LxD 

Where 89000 :=s constant 

T -rz thickness of plate in inches. 

D -zs. outside diameter of furnace in inches. 

L =z length of furnace in feet. 

26. Why are compensatiug rings rivetted round manholes ? 

Ans. To make up the loss of strength of plate, by cutting the manhole. 

27. Why is a shield plate fixed on the front of the boiler in the up- 
take ? 

An's. To preserve the ends of the stays and nuts, also to keep the 
heated gases from the plate. 

28. Suppose your furnace crown came down ; what would you do ? 

Ans. I would put girders and stay bolts on the top to prevent its 
further collapse. 

29. If one of the screwed stays were corroded away, and the plate 
too thin to be retapped, what would you do ? 

Ans. Drill it out, and put one in with double nuts and large washers. 

80. You found a crack in a boiler plate ? 

Ans. Drill a hole, tap and plug it, drill another partly entering the 
other plug, plug it, and so on the length of the crack. 

81. One of the boiler tubes were to burst ? 

Ans. Blow o£f all steam and draw fires, chip the ends of the tube flush, 
and insert a long stay bolt with nuts and washers at the ends, thus mak- 
ing a joint at each end and efieotually stopping all leakage, light fires 
again and proceed. 

82. What would happen if there is not sufficient water in the boiler ? 
Ans. The combustion chamber, or the top row of tubes would collapse* 

7 
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^. Hcnr manj safety Talres are ^eoenlBy fitted to one bailer? 

Ans . TwOf in ease one shoold stkk the other wiD be free to move, it 
h also done so that one mar be a k)dL-i^ Tilre to prerect anj additional 
pressore being pot on, the other is aeecflsUe bj the ei^ineer. in case he 
wishes to redoee the pressure at any time. 

37. What is the ose tff the safety TidTes? 

Ans. To aDow the steam to esei^ when it has readied its proper 
working load. 

3%. How much heating surface is allowed per y.H.P. ? 
Ans. Aboat 21 sqoare feet. 

39. How much grate surface ? 
Ans. About f square feet. 

40. How much steam space ? 
Ans. About 5 cubic feet. 

41. How much water will a pound of coal evaporate ? 
Ans. About 10 lbs. water. 

42. How much air is required for the combustion of 100 lbs. of 
coal? 

Ans. 15000 cubic feet of air. 

43. What is meant by the combustion of coal ? 

Ans. The combination of the oxygen of the atmospheric air, with the 
carbon and the hydrogen of the coal. 

44. How does this take place ? 
Ans. By heat. 
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ON WOEK. 



A steam engine is said io do work when it is nsed to move any kind of 
machinery. 

UNITS OF WOBK. 

One unit of work is the force necessary to raise vertically one pound 
weight through the space of one foot, and it is called a foot-pound. 

Another unit of work is the force necessary to raise vertically one ton 
weight through the space of one foot, and it is caUed a foot-ton. 

If a man raise a pound weight one foot high, he will perform one unit 
of work, if he raise it two feet he will perform two units of work, if ho 
raise it three feet he will perform three units of work ; and so on. 

Again, if he raise two pounds one foot high he wiU perform two units 
of work, if he raise three pounds one foot high he will perform three 
units of work ; and so on. 

Again, if he raise three pounds two feet, he will perform six units of 
work ; for in raising the three pounds the first foot he performs three 
nnits of work, and in raising them the second foot he also performs three 
units of work. 

Now 6 = 8x2 

Thus, in this instance, the number of units of work is obtained by 
multiplying the number denoting the pounds weight by the number 
denoting the feet through which the weight is raised vertically. 

A similar result follows in every case ; hence we have the follovdng 

RULE. 

The product of the weight of the body in pounds into the vertical 
height in feet through which it is raised is the measure of the work per- 
formed in raising it 

Watt estimated that a horse could raise vertically 38,000 pounds 
weight one foot high in one minute of time, and he took this as another 
unit of work, and called it a Horse Powei\ 
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WORK DONE BY PUMPS. 

In figure 16, let E B D F« represent the ydtome of urater^ lifted by 
every stroke of the pump, and A B the length of the sfaroke in inehes, 
then, the pump being a eylinder, we baye, by Article 10, for the volnme 
of a cylinder in cubic indies the formola : 

r' = -7854 <2« /I .....^ .'. 1 

L^t $ = length of stroke I m infihea 

/ = fraction that the pump is fnllJ ™ ^^ 

Then $ f =■ h^m fermula 1. 

Hence by substitntbg this value we have the fonnnto 

v'' = '795^ d* 8 f ^ 2 

Fmr the volume of watnr lifted by every leAroke of the pwny^ 

Let n = number of strokes in a minute. 
then60n == « ,» an hour. 

Hence, by tnultiplying fomiula 2 by 60 n we have the fonnuJa 

t,'" = •7864d2r/60n 8 

For the volume of water, in cubic inches, pumped out in an hour. 

Next, divide formula 8 by 1728, the number of cubic inches in a cubic 
foot, and we obtain the formula. 

•7864 d^sn 60/ 
V = A 

1728 

For the volnme of water, in cubic feet, pumped out in an hour by a 
single acting pump. Formula A must be multiplied by 2 when the pump 
is double acting. 



WOKK DONE BY THE STEAM ENGINE. 

By Article 7, Formula A, the expression f6r the area of the circle is : 
a = -7854 d3 1 

Let p == pressure, in pounds, on every square inch of the piston ; 
then, by multiplying both sides of equation 1, by p we have 

ap = '185id^p 2 
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Which is the expression for the whole of the pressure on the piston ; 
now every revolution of the crank causes one stroke of the piston up, 
and another down, that is, it causes two strokes, let r -= number of 
revolutions of the crank per minute, let s = length of the stroke in 
feet, then « x 2 r is the expression for the distance in feet, moved by 
the piston per minute ; and by multiplying the pounds weight moved, 
by the distance in feet, through which it is moved per minute, and putting 
u for the units of work done, we have 

u = •7854 d^pax^r 8 

Which is the expression for the units of work done by the engine in 
1 minute? 

Divide equation 8 by 88000, and put H.P. for the horse power, and 
we obtain the formula 

'7S5id^p8x2r 

H.P. = A 

88000 

FORMULAE FOR THE WORK OF A STEAM ENGINE. 

Let H.P, = horse power. 

8 •= length of stroke ; in feet. 

a = numerator of fraction of cut off. 

b = denominator ,, 

a 8 

— = distance of cut off; in feet. 

b 

P = pressure that steam is admitted into the cylinder) . |. 

p = mean pressure of the steam j"^ ® 

d = diameter of cylinder ; in inches. 

r = revolutions per minute. 

n =: 2 r =■ number of strokes per minute, 

u = units of work done on each square inch of the piston 
during a single stroke. 

Then we have the following formulaa : 

Pa8 b Ps 

u = (1 + log — ) = — (1+log b), when a = l.,.A 

b a b 

Pa b P 

P = — (1+ log — ) = — (1+log b), when a = 1...B 
b a b 

•7864 d^ p an 
H.P. = C 



88000 



64 
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Example 1. The steam is admitted into the cylinder at 45 lbs. per 
square inch above the atmosphere, and it is cut off at ^th of the stroke, 
the length of the stroke is 12 feet, the diameter of the cylinder is 
60 inches, and the piston makes 20 strokes per minute ; required the 
mean pressure of the steam, the mechanic^ efBiciency, and the horse 
power? 



by formula £• 

lbs. 
Guage 46 
Atmos. 15 



P 60 

p = —(l+\ogb) = _(l+log6) 
b 6 

= log. 6 = 1*7918. See the table of logarithms. 



Gross 60 



Therefore p 



60 



6 



(2-7918) = 10x2-7918 = 27-918 Ans. 



By formulae. H.P. = 



-7854 d^ p sn 
88000 



Therefore H.P. =-- 



'7854 X 50 X 50 X 27*918 x 12 x 20 



38000 



By cancelling = -0714 x 5 X 5 x 27-918 X 4 x 2 

= 898-66904 Answer. 



Note. If 1 represent the mechanical efficiency without expansion, 
then (1+ log h) = 2*7918 represents the mechanical efficiency with 
expansion. 



TABLE OP HYPBBBOLIO LOGAEIIHMS TO FOUR 
PLACES. 



M. 


LoguUhm. 


N. 


LogMithm. 


N. 


LogsiUhn. 


1-01 


■0100 


1-89 


■8293 


1-77 


•5710 


1-02 


■0198 


1-40 


■8365 


1-78 


■5766 


103 


■0290 


1-4 1 


■8486 


1-79 


•5822 


1-Oi 


■0892 


1-42 


■3507 


1^80 


■5878 


1-06 


•0488 


143 


•3577 


1-81 


■6933 


1-06 


•0588 


1-44 


■3646 


1-82 


•-.988 


1-07 


•0679 


145 


■8716 


1-83 


•6048 


1-08 


■0770 


1-4G 


•3784 


1^84 


■6098 


1-09 


■0862 


1-47 


■8868 


1^85 


•6162 


1-10 


■0953 


1^48 


■8920 


1-86 


■6206 


1-11 


-1044 


1-49 


■3988 


1-87 


■6259 


1-12 


•1138 


1-50 


■4065 


1-88 


■6313 


1-13 


■1222 


,1-61 


■4121 


1-89 


•6366 


1-U 


■1310 


1-62 


■4187 


190 


■6419 


1-15 


■1398 


1-68 


•4253 


1-91 


■6471 


1-16 


■1484 


1^64 


•4318 


1-92 


■0523 


1-17 


■1570 


1^66 


•4888 


1-93 


■0575 


1-18 


■1665 


1-66 


-4447 


1-94 


■0627 


1-19 


•1740 


1-57 


■4611 


1'95 


■6678 


X-20 


■1823 


1-58 


■4574 


1-90 


■6720 


1-21 


■1906 


1-59 


■4637 


1^97 


■6780 


1-22 


■1989 


1-60 


■4700 


1-98 


•6831 


1-28 


■2070 


1-61 


•4762 


1-99 


■6881 


1-24 


■2161 


1-62 


■4824 


2^00 


•6981 


1-25 


-2231 


1-08 


■4886 


2-01 


■6981 


1-26 


•2811 


1-64 


■4947 


2-02 


■7031 


1-27 


■2390 


1-65 


■5008 


2-03 


■7080 


:-28 


■2469 


1-66 


-5068 


2-04 


■7129 


1-29 


■2546 


1-67 


■5128 


2^05 


■7178 


1-80 


■2624 


1-68 


•5188 


2-06 


■7227 


1-81 


■2700 


1-69 


■5247 


2^07 


■7275 


i-32 


•2776 


1-70 


■6306 


2^08 


■7824 


1-38 


•2862 


1-71 


■6365 


2 09 


■7372 


1-84 


•2927 


1^72 


■6423 


2-10 


■7419 


1-85 


■3001 


1^73 


■6481 


•2- 11 


■7467 


1-86 


■807S 


1-74 


-5589 


212 


•7614 


1-87 


■8148 


1-75 


■5596 


213 


■7661 


1-88 


-3221 


1^76 


■5653 


2'14 


■7608 
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ir. 


Loguithm. 


5. 


loicuitbm. 


.. 


LoguiUuu. 




2-15 


•7655 


2-68 


-9882 


2-9X 


1-0682 




216 


•7701 


254 


■9822 


2-92 


10716 




2-17 


•7747 


2^6S 


•9361 


2-98 


1-0760 




2-16 


-7793 


2-56 


•9400 


2-94 


1-0784 




219 


•7689 


257 


■9489 


2-95 


1-0818 




2-20 


-7885 


2-58 


•9478 


2-96 


1-0852 




221 


•7980 


269 


■9517 


2-97 


1-0886 




2-22 


•7975 


2-60 


-9555 


2-98 


1-0919 




2-23 


■8020 


2-61 


•9594 


2-99 


1-0968 




2-24 


■8065 


262 


■9632 


8-00 


10986 




2-25 


■8109 


2-63 


•9670 


301 


1-1019 




2-26 


■8154 


264 


■9708 


3-02 


1-1053 \ 


2-27 


■8198 


2-65 


■9745 


3-03 


1-1086 I 


2-28 


■8242 


2'66 


■9788 


3-04 


1-1119 \ 


2-29 


-8286 


2-67 


•9821 


8-05 


1-1151 \ 


2-80 


•8830 


2-68 


■9868 


806 


1-1184 > 


2-81 


■8372 


2^69 


■9895 


3-07 


1-1217 


2-32 


•8416 


2^70 


■9933 


3-08 


1-1249 


2-33 


■8459 


2-71 


•9969 


3-09 


1-1283 


2-34 


■8502 


2^72 


10006 


3-10 


1-1314 




2-35 


-8544 


2-73 


1-0043 


3-11 


1-I3i6 


236 


■8587 


2-74 


1-0080 


3-12 


1-1378 


2-37 


■8629 


2^75 


10116 


3-13 


1-1410 


2-38 


■8671 


2-78 


10152 


3-14 


1-1442 


2-39 


■8713 


2-77 


1-0188 


3-15 


1-1474 


- 


2-40 


■B755 


2-78 


1-0225 


3-16 


1-1606 


2-41 


■8796 


2-79 


1-0200 


3-17 


1-1537 


2-42 


■6838 


2-80 


10296 


318 


1-1569 


2-43 


•8879 


261 


1-0332 


3-19 


1-1600 


2-44 


•8920 


2-82 


1-03C7 


3-20 


1-1632 


- 


2-45 


-8961 


2-83 


1-0403 


3-21 


1-1663 


2-46 


-9002 


2^64 


1-0438 


3-22 


1-1694 


2-47 


■9042 


2^85 


1-0473 


323 


1-1725 


2-48 


■9083 


2^86 


1-0508 


3-24 


1-1756 


2-49 


-9123 


2-87 


1-0543 


3-25 


1-1767 




2-50 


■9163 


2^88 


1-0578 


3-26 


1-1817 


2-51 


■9203 


2-89 


1-0C13 


3-27 


1-184* 


2-52 


■9243 


290 


1-0S47 


3-28 


1-187» 
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186. Surface condensers fool from grease and oil on the steam side 
3f the tahes, and should the condenser be worked at a high temperature, 
% deposit of saline matter will occur on the inside of the tubes. They 
ue often cleaned by injecting soda into the condenser, and also, when 
XI port, by taking the condenser end doors off, and inserting a small 
scraper into the tube and scraping all sediment off; or it may be done 
3y scalding with hot water. 

187. The non-conducting substances generally employed are felt, or 
31 cement specially prepared. They are secured with wood or canvas. 
IThe surfaces are generally painted, and while the paint is wet the felt 
Lb applied to make it adhere ; the cement is generally applied about 
%hiee inches thick, and secured by wood. 

188. Provision is made to lessen radiation by smoke-box doors and 
^bry uptakes by means of air casing, standing about 2^ from them, which 
allows the cold air to circulate freely round them. 

189. The formation of black smoke can be prevented bv careful 
stoking, and by admitting a small quantity of air into the combustion 
chamW. Smoke -preventing apparatus all aim at giving a further 
supply of air to the furnaces. 

140. By circulation in a boiler is meant, the water nearest to the 
heating surfaces expands and becomes lighter, thus rising to the surface 
and giving place to the colder water, which, in its turn, becomes heated 
and expanded, and rises to the surface ; thus a constant circulation of 
water is going on in the boiler. The results of defective circulation 
are : — Priming, salting, and damaged plates. 

141. The means sometimes adopted to improve circulation is by 
having circulating pipes in some parts of the boiler, which will allow 
the water to descend freely. 

142. The circulation is promoted in haystack boilers by putting 
cross tubes in the flame box. 

148. A ship's side air-pump discharge valve is a cast iron chest, with 
brass valve and seat fitted, a spindle being attached to the valve, working 
up through a stuffing-box and gland in the cover ; it is weighted so as to 
keep shut of its own accord. It differs from a common valve inasmuch 
as it is self-acting, and does not screw up or down, but can be kept up 
or down by means of a cotter passing through the spindle. The atten- 
tion it requires is to see that it is peiJectly water-tight, otherwise wat^r 
from the sea would find its way into the hotwell. 

144. A feed escape valve is a cast iron chest fitted with a brass valve 
and seat, having a spindle working up through a stuffing box and gland 
in the cover. On each side of the spindle is a pillar, the pillars are con- 
nected at the top by a plate ; the adjusting screw passes through the 
centre of the plate, the spring is fixed between this screw and the 
spindle. The discharge is in connection with the hotwell or suction 
pipes. The loading of the spring is regulated by means of the ac^usting 
screw. 
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Logarithm. 
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LogMiUun. 


N. 


LogBiiUiii). 


1 


4-48 


1-4884 


4-81 


1-5707 


5-19 


1-6487 


4-44 


1-4907 


4-82 


1-5728 


6-20 


1-6487 




4-4fi 


1-4929 


4-88 


1-5748 


6-21 


1-6506 




4-46 


1-4961 


4-84 


1-8769 


6-22 


1-6526 


V 


4-47 


1-4974 


4-85 


1-6790 


5-23 


1-6544 


4-48 


1-4996 


4-86 


1-6810 


6-24 


1-6563 


4-49 


1-6019 


4-87 


1-6881 


6-26 


1-6682 


\ 


4-60 


1-6041 


4-88 


1-5861 


6-26 


1-6601 


\ 


4-61 


1-5068 


4-89 


1-6872 


6-27 


1-6620 


} 


4-52 


1-6085 


4-90 


1-6892 


6-28 


1-6689 


' 


4-68 


1-5107 


4-91 


1-6918 


6-29 


1-6668 




4-64 


1-5129 


4-92 


1-6988 


6-30 


1-6677 




4-66 


1-6161 


4-98 


1-5953 


6-31 


1-6706 




4-56 


1-5178 


4-94 


1-6974 


6-82 


1-6715 




4-B7 


1-6196 


4-96 


1-6994 


5.88 


1-6783 




4-68 


1-6217 


4-96 


1-6014 


6-84 


1-6762 


p^^ 


4-59 


1-6289 


4-97 


1-6084 


6-35 


1-6771 ^ 


4-60 


1-6261 


4-98 


1-6064 


6-36 


1-6790 


4-fil 


1-6282 


4-99 


1-6074 


6-87 


1-6808 


4-62 


1-6804 


6-00 


1-6094 


6-88 


1-6827 


4-68 


1-6826 


5-01 . 


1-6114 


5-89 


1-6845 


4'64 


1-5S47 


5-02 


1-6184 


5-40 


1-6864 


4-66 


1-6869 


603 


1-6154 


5-41 


1-6882 


4-66 


1-6890 


5-04 


1-6174 


5-42 


1-6901 


4-67 


1-5412 


5-05 


1-6194 


5-48 


1-6919 


4-68 


1-6488 


5-06 


1-62U 


6-44 


1-6988 


4-69 


1-6464 


5-07 


1-6233 


6-45 


1-6956 


4-70 


1-6476 


5-08 


1-6258 


5-46 


1-6974 


4-71 


1-6497 


5-09 


1-6278 


6-47 


1-6998 


4-72 


1-5618 


5-10 


1-6292 


6-48 


1-7011 


4-78 


1-6689 


6-11 


1-6812 


6-49 


1-7029 


4-74 


1-5560 


6-12 


1-6882 


5-60 


1-7047 


4-7fi 


1-5581 


618 


1-6861 


6-51 


1-7066 


4-76 


1'5602 


6-14 


1-6371 


5-62 


1-7084 


4-77 


1-5623 


6-15 


1-6890 


6-63 


1-7102 


, 


4-78 


1-5644 


5-16 


1-6409 


5-54 


1-7120 




4-79 


1-5665 


6-17 


1-6429 


5-55 


1-713» 1 


4-80 


1-5686 


6-18 


1-6448 


6-56 


1-716» 


_l 
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serve nnifonnity of action, so that the piston may come to a state of 
resi gradually, and also that the engine may commence its stroke with 
pressure about ^^ on the top and ^^ or f on the bottom. 

156. The ''cover*' or ''lap*' of the slide valve is the measared 
aznoont which the outer edge of the valve overlaps the steam port, with 
the valve standing in mid position. Its object is to cat off the steam 
from the cylinder at a given part of the stroke, thus allowing the re- 
inaioing part of the stroke to be accomplished by expansion of the steam. 
A good proportion is about J of the stroke of the valve, but it all depends 
tipoQ the cut off required. 

157. "Exhaust cover** or "exhaust lap** of a slide valve is the 
^ea43nred amount which the inside edge of the valve overlaps the steam 
port with, the valve standing in mid position. It increases cushioning 
^d delays exhaust. 

168. "Minus cover** or "minus lap** on the exhaust is the 
measured amount which the inside edge is open to the exhaust, with 
^e valve standing in mid position. It decreases cushioning and hastens 
exliauBt, 

159. "Cushioning** or "compression** in a steam cylinder is 

cfttised by the communication of the cylinder with the condenser being 

closed before the end of the stroke, thus allowing the steam which 

'^^Oams in the cylinder to be compressed, and which thus acts as a 

cxxsliion to the piston, and brings it gradually to a state of rest, by which 

i^eans tiie heavy thud or knock which otherwise would occur is avoided. 

*^ is affected thus: — Should there be "cover** on the exhaust side, 

then cushioning would be increased ; should there be minus " cover,'* 

^en cushioning would be diminished. 

160. " Mean effective pressure ** is the average of all the variable 
pressures throughout the whole stroke. It is ascertained by measuring 
Uie average width of an indicator card. 

161. A dial vacuum guage is an instrument which shows the differ- 
ence between atmospheric pressure and any other pressure less than 
the pressure of the atmosphere. It consists of a thin elliptical metal 
tnbe, bent into a ring, and in communication with the condenser at 
one end, the other end being coimected by a link to a toothed sector 
gearing with a small pinion, with a pointer attached, which indicates 
on a graduated index, and shows the amount of vacuum in the con- 
denser. The principle of it is, the tube seeks to coil itself up by the 
atmospheric pressure acting on the outer surface, with a partial vacuum 
in the inside of the tube. It is used to indicate the amount of vacuum 
in the condenser. When the engines are working right, it should in- 
dicate from 25 to 28 inches of vacuum. The variations indicate an 
increase or decrease of back pressure on the piston. 
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6-71 


1-90S6 


7-09 


1-9687 


7-47 


2-0109 


6-72 


1-9061 


7-10 


1-9601 
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2-0122 


e-73 


1-9066 


7-11 


1-9615 


7-49 


20186 


6-74 


1-9081 


7-12 


1-9629 


7-50 


20149 


6-76 


1-9095 


718 


1-9643 


7-51 


2-0162 


6-76 


1-9110 


7-14 


1-9657 


7-52 


2-0176 


6-77 


1-9125 


7-15 


1-9671 


7-53 


2-0189 


6-78 


1-9140 


7-16 


1-9685 


7-54 


2-0202 


6-79 


1-91S6 


7-17 


1-9699 


7-55 


20215 


6-80 


1-9169 


7-18 


1-9713 


7-56 


2-0229 


6-81 


1-0184 


719 


1-9727 


7-57 


2-0242 


6-82 


1-9199 


7-20 


1-9741 


7-58 


2-0265 


6-88 


1-9213 


7-21 


1-9755 


7-59 


2-0268 


6-84 


1-9228 


7-22 


1-9769 


7-60 


20281 


G-85 


1-9242 


7-23 


1-9782 


7-61 


2-0295 


6-86 


1-9257 


7-24 


1-9796 


7-62 


2-0308 


6-87 


1-9272 


7-26 


1-9810 


7-68 


2-0321 


ti-88 


1-9286 


7-26 


1-9824 


7-64 


20334 


6-89 


1-9801 


7-27 


1-9838 


7-65 


20847 


C-90 


1-9815 


7-28 


1-9851 


7-66 


20360 


6-91 


1-9330 


7-29 


1-9865 


7-67 


20379 


6-9a 


1-9844 


7-80 


1-9879 


7-68 


2-0886 


6-98 


1-9359 


7-31 


1-9892 


7-69 


2-0899 


6-94 


I-9S7S 


732 


1-9906 


7-70 


2-0412 


6-95 


1-9387 


7-33 


1-9920 


7-71 


2-0425 


6-96 


19402 


734 


1-9933 


7-72 


2-0438 


6-97 


1-9416 


7-35 


1-9947 


7-73 


20451 


6-98 


1-9430 


7-86 


10961 


7-74 


2-0464 


6-99 


1-9445 


7-37 


1-9974 


7-75 


2-0477 


7-00 


1-9459 


7-38 


1-9986 


7-76 


20490 


7-01 


1-9473 


7-39 


2-0001 


7-77 


20503 


7-Oi 


1-9488 


7-40 


2-0015 


7-78 


20516 


7-03 


1-9502 


7-41 


20028 


7-79 


2-0528 


704 


1-9516 


7-42 


2-0042 


7-80 


20541 


7-05 


1-9530 


7-48 


20055 


7-81 


2-0554 


70fi 


1-9544 


7-44 


20069 


7-82 


2-0567 


7-07 


1-9559 


7-45 


2-0082 


7-83 


20579 


7-08 


1-9573 


7-46 


20096 


7-84 


2-0692 
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7-85 


20605 


8'25 


21102 


8*65 


2-1576 


7-86 


20618 


8*26 


2*1114 


8*66 


21587 


7-87 


20681 


8*27 


21126 


8*67 


2*1599 


7-88 


2-0648 


8*28 


2*1188 


8*68 


2*1610 


7-89 


20656 


8*29 


2*1150 


8*69 


2*1622 


7-90 


20669 


8*80 


2*1168 


8*70 


2*1688 


7-91 


20681 


8*81 


21175 


8*71 


2*1645 


7-92 


2*0694 


8*82 


2*1187 


8*72 


2*1656 


7-98 


20706 


8*88 


21199 


8*78 


2*1668 


7-94 


2*0719 


8*84 


2*1211 


8*74 


21679 


7-96 


2-0782 


8*85 


21228 


8*75 


2*1691 


7-96 


2*0744 


8*86 


21285 


8*76 


2*1702 


7-97 


2*0759 


8*87 


2*1247 


8*77 


21718 


7-98 


2*0769 


8*88 


2*1258 


8*78 


21725 


7-99 


2*0782 


8*89 


2*1270 


8*79 


2*1786 


8-00 


2*0794 


8*40 


2*1282 


8*80 


2*1748 


8-01 


2*0807 


8*41 


21294 


8*81 


21759 


8-02 


2*0819 


8*42 


21806 


8*82 


2*1770 


808 


2*0882 


8*48 


2*1818 


8*88 


2*1782 


8*04 


2*0844 


8*44 


2*1880 


8*84 
8*86 


2*1798 


8-05 


2*0857 


8*45 


2*1842 


2-1804 


8*06 


20869 


8*46 


2*1858 


8*86 


2*1815 


8-07 


2*0882 


8*47 


2*1865 


8*87 


2*1827 


8-08 


2*0894 


8*48 


21877 


8*88 


2*1888 


8*09 


2*0906 


8*49 


2*1889 


8*89 


2*1849 


8-10 


20919 


8*50 


2*1401 


8*90 


2*1861 


811 


2*0981 


8*51 


21412 


8*91 


2*1872 


8-12 


20948 


8*52 


2*1424 


8*92 


21888 


818 


2*0956 


8*58 


21486 


8*98 


2*1894 


8*14 


2*0968 


8-54 


2*1448 


8*94 


2*1905 


8-15 


2*0980 


8*55 


2*1469 


8*95 


2-1917 


816 


2*0992 


8*56 


2*1471 


8*96 


2*1928 


8-17 


2*1005 


8*57 


2*1488 


8*97 


2*1989 


8-18 


2*1017 


8*58 


2*1494 


8*98 


2*1950 


819 


2*1029 


8*69 


2*1506 


8*99 


2*1961 


8*20 


2*1041 


8*60 


2*1518 


900 


2*1972 


8-21 


2*1064 


8*61 


21529 


9*01 


2*1988 


8-22 


2*1065 


8-62 


21541 


9*02 


2-1994 


8*28 


2*1078 


8*68 


2*1552 


908 


2-2006 


8-24 


2*1090 


8*64 


2*1564 


9*04 


2-2017 
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2-2028 


9-37 


2-2376 


9-69 


2-2712 


8-06 


2 ■2089 


9-38 


2-2386 


9-70 


2-2721 


9-07 


2-2060 


9-39 


2-2396 


9-71 


2-2782 


9-08 


22061 


9-40 


2-2407 


9-72 


2-2742 


9-09 


2-2072 


9-41 


2-2418 


9-73 


2-2752 


9-10 


2-2083 


9-42 


2-2428 


9-74 


2-2762 


9-11 


2-2094 


9-48 


2-2489 


9-75 


2-2773 


9-12 


2-2105 


9-44 


2-2460 


9-76 


2-2783 


9-18 


2-2116 


9-46 


2-2460 


9-77 


2-2798 


9-14 


2-2127 


9-46 


2-2471 


9-78 


2'280S 


9-16 


2-2138 


9-47 


2-2481 


9-79 


2-2814 


916 


2-2148 


9-48 


2-2492 


9-80 


2-2824 


9-17 


2-2169 


9-49 


2-2602 


9-81 


2-2884 


9-18 


2-2170 


9-60 


2-2518 


9-82 


2-2844 


9-19 


2-2181 


9-61 


2-2523 


9-83 


2-2654 


9-20 


2-2192 


9-62 


2-2684 


9-84 


2-2865 


9-21 


2-2208 


9-63 


2-2544 


9-85 


2-2875 


9-22 


2-2214 


9-64 


2-2665 


9-86 


2-2885 


9-28 


2-2225 


9-66 


2-2565 


9-87 


2-2895 


9-24 


2-2235 


9-66 


2-2576 


9-88 


2-2905 


9-25 


2-2246 


9-67 


2-2586 


9-89 


2-2915 


9-26 


2-2267 


9-68 


2-2597 


9-90 


2-2925 


9-27 


2-2268 


9-59 


2-2607 


9-91 


2-2936 


9-28 


2-2279 


9-60 


2-2618 


9-92 


2-2946 


9-29 


2' 2290 


9-61 


2-2628 


9-93 


2-2956 


9-80 


2-2300 


9-62 


2-2688 


9-94 


2-2966 


9-31 


2-2311 


9-68 


2-2649 


9-95 


2-2976 


9-82 


2-2322 


9-64 


2-2669 


9-96 


2-2986 


9-88 


2-2SS2 


9-65 


2-2670 


9-97 


2-2996 


9-84 


2-2349 


9-66 


2-2680 


9-98 


2-3006 


9-85 


2-2364 


fl-67 


2-2690 


9-99 


2-3016 


fl-36 


2-2864 


9-68 


2-2701 


10-00 


2-3026 
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TO FIND THE ABEA OF THE SPACE BETWEEN 
A CURVE AND A STRAIGHT LINE. 



SIMPSON'S RULE. 

In figure 15 let ABCA be the space, AB the straight line, ACB the 
curve ; let AB be divided into an even number of equal parts, say 10, at 
the points 1, 2, 8, &c.; at the points of division draw straight lines 
perpendicular to AB to meet the curve, those perpendiculars are called 
ordinates. 

Let distances on the ordinates measured with dividers on a scale, be 
the same as in the figure ; then 

(8+Exi+0x2)D 
A = 



8 

A = area. 

Where 8 = sum of first and last ordinates. 

E =■ sum of all the even ordinates. 

= sum of all the odd ordinates. 

D = common distance between the ordinates. 

Hence we have the following 

RULE. 

Add together the first and last ordinates. Four times the sum of the 
even ordiuates, and Twice the sum of the odd ordinates. 

Multiply the sum thus found by the common distance between the 
ordinates, and divide this product by 8, the result is the area. 

EXAMPLE. 

In figure 15 the curve meets the straight line, so that the first |and 
last ordinates = 0; that is, iS^ = 0, let the other ordinates have the 
values marked on them in the figure, and let Z> = 2 ; then we have as 
follows: 



8=0. E = 
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THE STEOBaS. " 

Steam is admitted into the cylinder at 45 lbs. per square inch above 
the atmosphere, and is cut off at fths of the stroke ; required the mean 
pressure on the piston throughout the stroke, supposing the yacuum to 
be perfect. 

In order to understand this question it is necessary to know something 
of the expansion of steam. 

The following is the law of the expansion of steam ; it was discovered 
by Mariotte : 

If a given weight of steam be made to vary its volume without chang- 
ing its temperature, the elastic force of the steam will vary in tiie inverse 
ratio of the volume it is made to occupy. 

Thus — ^Suppose the distance from the bottom of the piston to the 
bottom of the cylinder to be 16 inches, and this part of the cylinder to 
be full of steam at a pressure of 20 lbs. on the square inch, then let the 
piston be forced down 8 inches so that the steam occupies only half the 
space it did before, then its pressure will be doubled, that is, on each 
square inch its pressure will be 20x2 = 40 lbs. 

Again, let the piston be forced 4 inches further down, so as again to 
reduce the volume of steam by one half, or to compress it into one 
quarter of its original volame, then the pressure will be again doubled, 
and will now be 40 x 2, or 20 x 4 = 80 lbs. on the square inch. 
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And, in like manner, by making the volume of steam as small as we 
please f we ean make the pressure per square ineh as great as we please. 

In £gare 16 let ABPQ represent the cylinder, and AP its h,eight, 
divide AP into 10 equal parts in the points 1, 2, 8, &c., through those, 
points draw lines parallel to the top of the cylinder ; then the cylinder 
will be divided into 10 equal parallograms, and since the steam is cut off 
at f ths of the stroke, that is at the 4th division of AP, the piston moves 
over the remainder of the stroke by the expansive force of the steam 
already in the cylinder. 

Let P represent the pressure per square inch when the piston is in 
the position CD ; P/ the pressure when it is in the position EF ; P// 
the pressure when it is in tiie position QH ; and so on. 

Now the steam is admitted at a pressure of 45 lbs. per square inch 
above the atmosphere, and the pressure of the atmosphere may be taken 
at 15 lbs. per square inch, therefore the effective pressure on the piston 
at the first part of the stroke is 60 lbs. per square inch, and the pressure 
being constant while the piston is moving from the position AB to the 
position CD, it is therefore represented by the four equal parallograms 
above CZ>, hence 60 lbs. X 4 ^ 240 lbs. pressure when the piston is 
at CD. 

Let the figure bounded by the straight lines CD, DQ, QR, and the 
curve RC represent the total pressure of the steam during its expansion. 
In order to find the value of this pressure proceed as follows : 



5)240 
48 



6)240) 
40 



7)240 



84-29 



8)240 
80 



9)240 ' 
26-67^ 



10)240 



24 



Then by Simpson's Bule. 

{S+Exi+0x2)xD 



A rr 



8 




70 
2 



D = 1. 8 
Exi 
0x2 



= 84 
= 485-84 
= 140-0 



D = 



659-84 
1 



Ex4l = 485-84 



0x2=140 



8)659-84 



Value during expansion 219*95 lbs. 
Before expansion 240-00 



1,0)45,9-95 
Mean pressure throughout the stroke 45*99 
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TO UND XHB MEOELAiSaaA^^ 
SMb'Iha BMiii piiwiiw i bj Am ftoal fCMBimf fhe qiuttient nil be 

) d)48'M Ibi, aiMi ffemae 
tbul ji i i i iu t Ml' ' 

. U) 7-666 

Mftflmnifftl sffloieiitfv 1*916 AxiswAir. 



SECOHD METHOD. 

DUE TO HB. MnFABTiANB OBAT. 

SoilnM fhe frftotioii ti&ftt {he steam ii ert 
of BgQiM ivfaen it is necemuy to do so ; thus 
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1 Hie- ■ofatlioii es 


ifgllowi: 





K)6 


1 


•1 


2 


•1 


8 


•1 


Cntoff 4 


•1 


6 


•08 


6 


•066667 


7 


•067148 


8 


•06 


9 


•044444 


10 


•02 



5)-4 
•08 

6)-4 



•768254 = Sum -066667 

60 lbs. effective pressare 

Mean pressure throughout the 

stroke 46-095240 lbs. 



This answer differs only about •I from the answer by the first method. 

Remarks, In this method the quantity •OS is always put opposite the 
0, and the quantity •! opposite to 1, 2, 8, &c., to the cut off. 

Again ; to find the quantities to put down opposite the figures below 
the cut off; divide the decimal of the cut off, that is in this instance '4 
by the figures below the cut off, that is in this instance by 5, 6, 7, &c.; 
then proceed as in the solution. 

Note. -4 -r- 10 = ^04, and the half of this must be taken, as in 
the solution. 
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THIRD METHOD 

BY HYPERBOLIC LOGARITHMS, 



Pa b 60x2 5 

Formtda. p = — (1+log — ) = (1+log — ) 

b a 5 2 

= 12x2 (1+log 2-6) = 24x1-9168 = 46-9912. 

Answers 45*99 lbs. Mean pressure thronghont the strc^e. 
1*9168 Mechanical efficiency. 

ExampU 2. Steam is admitted into the cylinder at 52 lbs. per square 
inch above the atmosphere, and is cut oflf at f of the stroke ; required the 
mean pressure on tiie piston throughout the stroke; supposing the 
vacuum to be perfect ? 

BY SIMPSON'S METHOD. 

q o 

Cutoff — = —-,16 — 6 =- 10. 
8 16 

Here the cylinder must be divided into 16 equal parts, of which 6 will 
have full steam. 

52 lbs. Guage 

15 Atmosphere 
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6 



Gross 

Ports full steam 



402 Before expansion 



402-^7 

402-3-8 

402 -s-9 

4024-10 

4024-11 

402-S-12 

402 -f- 18 

4024-14 

402-3-15 

4024-16 



67-00 1 

67-48 2 

60*25 8 

44*67 4 

40-2 5 

86-55 6 

88*5 7 

80-92... 8 

28-71 9 

26*8 10 

2518 11 



67*00 
25*18 

S 92*18 



50*25 
40*2 
88*5 
28-71 

152*66 
2 

805*82 



67*48 
44*67 
86*55 
80*92 
26*8 

196*87 
4 

785*48... 4 E 
805*82... 2 
92-18... S 



1182*98 



( 



8)118S-98 

402*00 befoge eTimngion 
16)?9d*iBl(id*78 Hbs. mMoijxeeim am^^umi ttie stroke. 

Fmal prestoe 26*18)49*78(1*98 xDfici^ _ 

* a. 

BY VdFABLA^ GRLY'B IfETHOD. 
Cut (tf 1*9 = '876 

i.„...... -1 4^m 

«... -1 . - — 

8..„..... 1 :998tt 

4 -09875 IkSr 

6......... -0625 

7..., •068571 

8 ^6875^ ^ 

9 -041667 

10 -01875 

•742118 

67 gross pressure at the begiiming of 

-i the stroke. 

5194791 
4452678 

Mean pressure throughout 49*721571 
: the stroke ' 

BY HYPERBOLIG LOGARITHMS. 

Pa b 67X8 8 

Formula, p = (1+Iog — ) = "" (1+log — ) 

b a 8 8 

201 201x1*9821 
^ — (1+1<«2*67)= = 49-8003 

8 8 

Answers 49*8 lbs. Mean pressure throughout the stroke. 
1*9821 Mechanical efficiency. 

ExampU 8. Steam is admitted into the cylinder at 24 lbs. per square 
inch above the atmosphere, and is cut off at 7 inches of the stroke, 
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whieh ifl 20 inehes ; required the mean pressure on the piston throughout 
the stroke ; supposing the vacuum to be perfect ; also the mechanical 
efficiency ? 

BY McFARLANE GRAY'S METHOD. 

7 Guage 24 

— 20)7*0('85 decimal of cut oflf. Atmosphere 15 

20 — 

Gross 89 

-06 — 

1 -1 4)-85 6V85 6)-86 

2 1 — 

Cutoff 8 -1 0875 -07 -OSBSSS 

4 -0875 ~ 

5 -07 7)-85 8)-85 

6 -058888 — 

7 -05 -05 -04375 

8 -04875 — 

9 -088889 9)-86 10)-86 

10 -0175 

-038889 2)-035 

-716972 

89 gross pressure at beginning -0175 

of stroke. 

6448748 
2147916 

27-922908 lbs. mean pressure throughout the 
stroke. 

BY HYPERBOLIC LOGARITHMS. 

Pa b 89x7 20 

Formula, p = (1+log — ) - (l+log — ) 

b a 20 7 



89 X 7 89 X 7 X 2-0508 
(1+log 2-86) = 



20 



20 



rr 27-99842 lbs. mean pressure throughout the stroke 
Mechanical efficiency 2*0508. 

Example 4. Steam is admitted into the cylinder at 88 lbs. per square 
inch above the atmosphere, the effective pressure of the vacuum is 
10-8 lbs. per square inch, diameter of cylinder 5 feet 4 inches, length of 
stroke 46 inches, cut off 27 inches from the beginning of the stroke, and 
making 22 revolutions per minute ; find the H.P. 



Atmotpliere 16 



J ■- 



JBboiB-' 



S8 



. TO FDCD THE lOAN BFJfEOXiVJS PBB8SUBE. 

■ : tkm,. 

87 
Oat off— » '686057 
46 

'06 

f 

1. 

s; 

... ^.^ 

5. 
Ontoff — 

6.. *097Ba6 

7 •ostosl 

8... KWWO 

9 •066S}7 

m..^^... •0S9848 



»••«•• 



If iitfiffttitt Tftcitetir IS :^ i 
EflbotiTd Taeonm 10*6* 






«MM 



■*<•• 



Ae. 



4-7 






.. . I 



88 OiioM pr8Mntti«l HM]MgiiiiiiBg«(ithe stroke 



2698886 . 

449806a •- 

47-679480 
4'7 RiApreBwtte 

42'979486 Ueim efltetire pnasnie thnmc^ioBt the 

stroke. 

BY HYPEBBOLIO LOQABITHMS. 



Formula, p = 



Pa b 68x27 46 

(1+log— ) = (1+log— ) 

b a 46 27 



58x27 
46 



(l+k)gl'70) = 



68x27xl'5806 



Milt fc 



46 



= 47*6149 mean presfliire 
4*7 back pressnre 

42*9149 mean efifeetive pressure 



Formula A, Article 17. 



TO FIND THE H.P. 
•7864dap«rx2 



88000 
•7854 X 64 X 64 X 42*97 X 46 x 22 x 2 

83000x12 

•2618 X 64 X 64 X 42*97 X 46 

BycancelliDg = = 706*681 BLP, 

8000 
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THE INDICATOE. 



The Indicator is one of James Watt's useful inventions, but it has 
been much improved since his time. The one in general use is Bichards*, 
it having all the latest improvements, and it is considered superior to 
any other, owing to the fine adjustment of its working parts. By this 
instrament we are enabled to tell at a glance what has been going on in 
the internal parts of the Engine. For instance we can tell if the 
Slide has too much or two little lead ; whether the error be due to the 
position of the eccentric or the length of the rod, or if the Slide or 
piston be leaking ; if the exhaust be too soon or too late in its action ; 
if the vacuum be good or bad ; in fact, every derangement of the Slide 
or internal parts of the engine are made visible to the eye. 

Fig. 1 is a representation of Richards* Indicator. A is a steam 
cylinder, having a very accurate fitting piston attached to the piston 
rod B. The cross arms CC work round the outside of the cylinder A, 
and are used to turn the pencil to and from the paper, also for carrying 
the parallel motion DEFG. The piston rod is screwed into a single 
socket (H), and attached by a pair of links (I) to the parallel motion. 
The pencil J is screwed into a small boss, and is capable of being 
regulated to suit the distance from the paper, or taken out and pointed. 
K is the barrel round which the paper is wrapped. The split graduated 
clasp L shows the pressure of steam and vacuum ; the paper, in being 
placed round the barrel K, is slipped in behind the split graduated clasp ; 
by this means it is held firmly in its place. Inside the barrel E is a 
cylinder, which contains a coUed spring, which brings the barrel back to 
its place after it has made a stroke with the engine. At the lower part 
of this cylinder the grooved pulley M, when the cord works round, will 
be observed. N are the two small guide pulleys; by slacking the 
bottom nut these pulleys can be turned in any desired position to suit 
the lead of the cord to the engine. The stem of the Indicator, P, is 
conical, and fits in a corresponding seat in the stop cock Q, where it is 
held by a coupling, or round nut, B, having two screws of unequal 
pitch ; this arrangement permits the Indicator to be turned round in any 
position, and tightened up without much trouble. The springs are of 
different strengths to suit the different pressures ; each spring is marked 
with the scale and pressure, so that if i spring be used, the diagram 
will be drawn to a scale of ^ = lbs., and so on for all other scales and 
pressures. The paper that is used is properly prepared metallic paper, 
made specially *, the pencil J is usually of brass wire. In measuring 
the vacuum, or the pressure below the atmospheric line to the lower 
part of the diagram, it is usual to measure in inches, because 80 inches 
of mercury are equal to 151bs. pressure, or, in other words, the atmo- 
aphexic pressure is equal to 80 inches of mercury ; therefore lib. pres- 
sure is equal to 2 inches of vacuum. 
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How to take a Diagram. — 1st. Unscrew the nut or cylinder cover S, 
lift out the piston, cross arms, and parallel motion altogether, unscrew 
the piston rod from the socket, select the spring to suit the pressure, 
then place it on the rod ; a brass nut will be seen at each end of the 
spring which is screwed on to the rod, screw the rod into the socket, 
replace the piston in th6 cylinder, being careful not to scratch the inside 
of the cylinder, then screw on the cover. 2nd. Lift off the paper 
barrel, place the paper tightly round it, having the end behind the split 
graduated clasp, be careful and see that the paper is lying smooth 
against the barrel ; having done this replace the barrel. 8rd. Fix the 
gear for reducing the stroke of the engine to the travel of the Indicator 
barrel, which is usually about 5 inches ; always try and get the cord as 
short and direct as possible ; when a long cord is used it often stretches 
and spoils the shape of the diagram. Now open the cocks -at each end 
of the cylinder to blow out any grease or dirt that may be in the pipes ; 
next close the cocks and screw on the stop cock Q, then screw on the 
Indicator by means of the round nut B, attach the cord from the 
reducing gear to the cord from the paper barrel ; this is accomplished by 
having a brass hook on one end of the cord and a loop on the other 
end ; open one of the cylinder cocks, then open the stop cock Q, and 
allow the indicator to work a few strokes, shut the stop cook Q, and 
turn the cross arms CO so that the pencil touches the paper ; it will 
then trace a horizontal line which is called the atmospheric line, because 
the ataosphere acts on both sides of the piston ; when the stop cock Q 
is shut air passes through the small hole T to the under side of the 
piston, thus placing the piston in equilibrium ; now open the cock Q 
and the cock to the top of the cylinder, and the pencil will rise at once 
and trace a diagram of the work done at the top of the piston in one 
revolution ; shut the cock to the top of the cylinder and open the bottom 
cock, the pencil will now trace a diagram of the work done under the 
piston in the same time ; shut the cocks, unloop the cord, take off the 
barrel and detach the paper, and the diagrams are completed. 

Now look at Fig, 2, and follow the pencil as it traces the diagram ; 
suppose the pencil stands at the atmospheric line A, as soon as steam is 
admitted to the Indicator cylinder the pencil will rise to C, the highest 
pressure, and remain there till the steam is cut off. In the meantime 
the barrel with the paper will revolve with the stroke of the engine, 
tracing the horizontal line CD ; at D the steam is cut off by the slide, 
and it now begins to fall and to trace the expansion line E ; at F the 
exhaust port opens, and the pencil falls suddenly owing to the release 
of the steam to the condenser ; at G it commences the return stroke, 
and traces the vacuum line ; on arrival at H the exhaust port is closed 
before the end of the stroke, producing compression, or the lead of the 
valve comes into action, forcing the pencil up to A ; from this point thg 
pencil will trace the same curve as tlie engine makes another revolution. 
The space between the bottom of the diagram or vacuum line to the line 
of perfect vacuum is called the backpressure. The diagram selected is 
from the top of the piston, but both sides are traced by the same process. 

When accuracy is required a diagram should be taken from both top 
and bottom of the piston, because the diagram taken from the top of the 
piston only shows the pressure and vacuum on the top ; it does not 
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shew what is going on below the piston ; it is generally found that there 
is a good deal of di£ferenee between the diagrams taken from the oppo- 
site ends of the piston, so that it is necessary to have diagrams from 
both top and bottom of the piston to get the mean pressure, so as to 
ealenlate the indicated horse power. If the actual state of the engine be 
required, it will be necessary to examine into what is passing above and 
below the piston, because the errors in one part may have no connection 
with the errors in another ; this will be the case if the slide is too long 
or too short on one side, in which case the upper port may be properly 
eovered and the lower one not so, or the slide face on one side may be 
leaky and tight on the other, so that if cards from both sides are taken 
it wfll detect all errors, and prevent the attempt to improve the error of 
one side to the disadvantage of the other. 

I9 Fig, 8 the slide rod is too long ; the left hand card or top card 
shews that the steam is out off too soon, and that the exhaust opens 
too soon and closes too late, and has no lead, as will be seen by the 
admission line slanting to the right at a. In the right hand card the 
steam is cut off too late, exhaust opens late and closes soon, and has 
too much lead as seen by the slanting line at h. 

In this case a liner taken from under the eccentric rod foot, or lower- 
ing the slide on the rod, will cure this ; in other words, divide the lead. 

In Fig, 4 the slide rod is too short. The top card shows she opens 
exhaust too late and closes too soon, producing too much cushion, and 
has too much lead ; the bottom card shows steam cut off too soon, 
exhaust opens too soon and closes too late, and has no lead. In these 
diagrams the opposite effect will be observed to have taken place to 
Fig. 8. To remedy this, the eccentric rod requires a liner under the 
foot, or the valve wants lifting up on the slide rod. 

Fig. 5 shews the sheave is too far advanced. Top and bottom cards 
shew that she opens to steam too soon and closes too soon : opens to. 
exhaust too soon and closes exhaust too, and has too much lead. In 
this ease all the movements are too soon in both top and bottom cards ; 
the sheave requires to be shifted back a little. For proper position of 
sheave see further on. 

Fig. 6 shews the sheave is not enough advanced. Top and bottom 
cards shew that she opens to steam too late, opens exhaust too late and 
doses exhaust too late, has no cushion or lead. In both cards all the 
movements are too late. In this case the sheave requires to be shifted 
forward a little. The difference between shifting the sheave or altering 
the length of the rod is easily seen by noting the following points : — "U 
the steun is admitted too soon and exhaust opens too late, or if steam 
is admitted too late and exhaust opens too soon, it is the fault of the 
rod ; but if the steam is admitted too soon and exhaust opens too soon, 
or steam is admitted too late and exhaust opens too late, the fault in 
these cases lies in the position of the sheave. By this you see the 
points of admission and exhaust, when working similar, are governed 
by the position of the sheave; but if the points of admission and ex- 
haust be dissimilar, it lies in the fault of the rod. 10 
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In Fig. 7 the top card is good, but the bottom card has too-maob 
lead. In this case take a liner out from under the eccentric rod foot 
equal to half the lead, then the movements of both cards will be too 
soon ; this will require the sheave shifted back a little. 

Fig. 8 shews that the piston has been leaking in both the up and 
down stroke at a certain part, or that the cylinder is slack in the middle, 
as shown by the rise in the back pressure. 

In Fig. 9 on the top card at the steam comer there is a loop. This is 
owing to the Indicator piston shooting straight up on admission of steam. 
While the piston of the engine is for a moment stationary on passing the 
centre, when the engine piston begins to move this line falls Suddenly, 
forming the loop ; the bottom card will be observed to have too much 
compression, thus wasting power. To remedy this, notice that the 
exhaust opens late ; therefore if a piece is chipped off the exhaust edge 
of the valve, it will open sooner and close later, doing away with so 
much compression. 

Fig. 10 shews that the slide has been leaking on the bottom face. It 
will be seen by the rise of the pressure at d that fresh steam has been 
admitted after it has been cut off. 

Fig. 11 shews by the steam lines slanting instead of being horizontal 
that the steam has been throttled, or that the pipes or ports are too 
small for the cylinder. 

Fig. 12 shews a pair of cards throttled by the link at 42 strokes per 
minute. In these diagrams nearly the whole areas are below the atmo- 
spheric line, but on the left hand corner of one of the Figures a loop is 
formed, which often appears in engines employing the link, the meaning 
of which it is necessary to explain. The extreme point of the diagram 
in every instance answers to the length of the stroke, and if the steam 
is put up in the cylinder by the exhaust being closed before the end of 
the stroke, or if steam be allowed to enter before the end of the stroke, 
the pencil will rise to its highest point before the stroke is ended, and as 
the paper on the barrel continues to move onward, the upper part of the 
loop is formed. K the pressure within the cylinder when the piston 
returns were to be precisely the same as when the piston advanced 
during this part of the stroke, the loop would be narrowed to a line. 
But as the advance of the piston when the valve is very little open 
somewhat compresses the steam, and at its recession, when the valve is 
very little open, causes it to be wire -drawn. The pressure while the 
piston advances and retires through this small distance, although the 
cylinder is open to the boiler by means of a small orifice, will 
not be precisely the same, and the higher pressure will form the upper 
part of the loop, while the lower part will be formed by the lower pres- 
sure. By following the outline of the left hand diagram, it will be seen 
that the steam begins to be compressed within the cylinder when about 
three-fourths of the stroke has been completed, and the pencil conse- 
quently begins to rise somewhat above its lowest point ; but as the 
vapour within the cylinder is very rare, the rise is very little until the 
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piston is about one-eighth part of the stroke, or about eight inches 
from the end of the stroke, the slide valve is slightly opened, when the 
piston of the Indicator is compelled to ascend to the point answering to 
the pressure within the cylinder thus produced. As the opening from 
the boiler continues, and the piston, by advancing against the steam, 
instead of receding from it, compresses rather than expands the steam 
admitted into the cylinder, the pressure continues to rise somewhat to 
the end of the stroke, when the piston of the engine having to move in 
the opposite direction, the steam within the cylinder will be expanded, 
and any that may be still entering will be wiredrawn in the contracted 
passage, and the pressure will fall ; under these circumstances a loop 
will be formed at the comer of the diagram, such as shewn to exist at 
the left hand comer of Fig. 12. The reason why there is no corres- 
ponding loop at the right hand comer of the right hand diagram, is 
simply because the valve is differently set at one end of the engine from 
what it is at the other, and the angle of the eccentric rod will generally 
cause some small difference in the action of the valves at the different 
ends of the engine. 

Fig. 18 shews two diagrams taken from the top of an engine to show 
the difference between throttling and expansion working. The card 
marked 1, 2, 8, 4 will represent the one obtained by throttling with the 
expansiop off. The card marked ABODE will represent the one ob- 
tained when working with the expansion valve. The number of revolu- 
tions being the same in both cases, it will be seen when the steam is 
throttled or wire-drawn, a greater quantity is used and less work done 
by it. In throttling scarcely any of the curve rises above the atmo- 
spheric line, while the vacuum is pretty full. In the expansion card the 
steam has risen to a good height, and the expansion curve has formed 
quickly. At the point where exhaust opens, the diagram with 
throttUng is much higher than the expansion diagram at that point, 
showing that there is more steam in the cylinder in the former than in 
the latter case. Therefore, in order to do the same amount of work, an 
engine will require less steam when working expansively than when 
rising the throttle valve. 

Fig, 14. These diagrams were taken from a screw engine, and are 
splendid specimens of expansion cards. On the left hand comer of the 
right hand figure will be observed a loop, caused through water being in 
the cylinder. The moment the cylinder relief valve was opened it 
disappeared. 

Fig* 15. Diagrams taken from both cylinders of a pair of compound 
engines » having no steam jacket on the low pressure cylinder. 

Fig, 16. Diagrams taken from both cylinders of a pair of compound 
engines of the same dimensions as the engines that Fig. 15 were taken 
from. These engines were jacketed on the low pressure cylinder, and 
it will be observed, by looking at the low pressure cards, the rise of 
pressure above the atmospheric line in all the grades, thus gaining a lot 
of power over the cylinder with no jacket. The cards from both 
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engines are good, showing all the different grades of expansion clearly, 
and especially the difference in the pressures in the low pressure 
cylinders, owing to the one being jacketed and the other not. 

Fig, 17. Cards taken from a compound engine. On the low pres- 
sure card vibration of the Indicator pencil will be observed, caused by 
the Indicator piston being too tight, or the Indicator spring being too 
stiff. 

Figs. 18 and 19. The irregular lines and small jumps seen on these 
cards are also caused by the vibration of the Indicator pencil throu^^ 
the spring being too stiff. 

Figs. 20 and 21 are specimens of Indicator cards taken from a com- 
pound engine. In Fig. 20 the steam is cut off at one quarter the stroke. 
Fig. 21 the steam was cut off at f of the stroke. These cards were 
taken from an engine employed in the making of gas, the fuel used 
being coke in Fig. 21, the consumption being 4*81bs. per I.H.P. In 
Fig. 20 Welsh coal was used, the consumption being reduced to 2*81bs. 
per I.H.P. 

Fig, 22. Cards taken from a pair of compound screw engines, with 
the indicated horse power worked out. 

Fig, 28. Cards from a pair of compound screw engines, with the in- 
dicated horse power worked out. The process is as follows ; — ^Divide 
the cards into ten equal parts, as shewn in Figs. 22 and 28. The 
advantage of dividing it into ten parts instead of seven or eight parts is 
that the division by ten is accomplished by merely shifting the position 
of the decimal point ; a division of ten parts is quite accurate enough 
for all practical purposes. Measure the width of the card in the middle 
of each division, as shown by the dotted lines ; add the sum together 
and divide by ten, or, as stated before, shift the decimal point one figure 
to the front, which amounts to the same thing. This will equal the 
mean pressure on that side of the piston. Proceed with the other card 
in the same way. Having got the mean pressure on each side of the 
piston, add both together and divide by two ; the sum of this equals 
the mean pressure in the cylinder. Then proceed as follows : — 

area of cylinder x mean pressure x piston speed per min. 

_ the 

88000 

indicated horse power obtained from that cylinder. The revolutions 
per minute multiplied by twice the length of stroke in feet equals the 
piston speed per minute. 

Fig, 24. Cards from the cylinder of an oscillating paddle wheel 
engine, the diameter of the cylinder 54", stroke 6' 0". 

Fig, 25. Diagrams from a pair of compound screw engines, built on 
the Tyne. 
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. Fig. 26. Diagrams from a pair of compound screw engines built on 
the Wear, shewing the indicated horse power worked out. 

Fig» 27. Diagrams from pair of compound screw engines built on the 
Tyne. 

Fig, 28. Diagram taken from the top of high pressure cylinder, and 
diagram taken from the bottom of low pressure cylinder, pieced 
together at the same scale. In the working of a compound, when the 
high pressure cylinder exhausts into the low pressure cylinder, the 
amount of work done in a stroke depends on the proportion that the 
two cylinders bear to each other, or the number of times the steam is 
expanded. If the two cards were put together in the proportion that 
the cylinders bear to each other, the cards would then represent a card 
similar to what would be obtained from a single cylinder of the same 
cnbio contents, having the same initial pressure. In Fig. 20 the high 
pressure cylinder is 26" dia., and the low pressure cylinder is 52" dia., 
the stroke being 80". 

Fig, 29 shews the cards placed together, the cylinders having a pro- 
portion of 1 to 4 ; therefore the high pressure card in Fig. 28 is reduced 
one-fourth of its stroke, as shown at A. The low pressure card remains 
the same, but is reversed in position to form the expansion curve, as 
shown at B. It will be seen by the dotted line the form the expansion 
curve would have taken if the steam had been expanded in one cylinder 
of capacity and initial pressure equal to the compound cylinder. The 
loss of pressure between the joining of the two cards is owing to some 
peculiarities in passing the steam from one cylinder to the other. 

Fig* 80. Cards from a pair of compound screw engines built on the 
l^e, showing the indicated horse power worked out. 

Fig. 81 shews the form of card obtained when the steam is throttled 
by the link. 

Fi^. 82. Cards taken from both cylinders of a compound engine 
throttled by the link, the gear being two turns in and the throttle valve 
full open. 

Fig. 88. Cards from compound screw engines, showing the different 
grades of expansion by the hnk, from full gear to 1^" turn in of gear. 
Working at fall gear the revolutions were 62 ; gear ^", revolution 
reduced to 61 ; gear i", revolution 69 ; gear J", revolution 58 ; gear 1", 
revolution 56^ ; gear 1^", revolution 58^. Vacuum in condenser ranged 
from 26 inches down to 24 inches. 

Fig. 84. Cards taken from a single cylinder engine fitted with Corlis's 
valves. The cards show a nice clean cut off and expansion line, show- 
ing the instantaneous action of these valves. 

Fig. 85. Diagrams taken from one pair of compound engines, showing 
the various grades of expansion. The vessel is fitted with two pairs. 
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high pressure cylinders being 22* dia., and low pressure cylinders 88^ dia., 
the stroke being 6' 0". These engines drive feathering paddle wheels 
21' (T dia., each wheel having 16 floats 10' (h x 2' 6" broad. 

Fig. 86. Cards taken from a pair of compound screw engines having 
the cylinders and covers jacketed, high pressure slide cutting off at '7 of 
the stroke, and the low pressure slide cutting off at *5 of the stroke. 

Fig. 87 shows cards taken from a compound screw engine working at 
full gear, and also with the gear four turns in, showing a very light 
consumption of coal. These cards spea'k for themselves, and require no 
comment. 

Fig. 88. Cards taken from a single cylinder engine used for driving 
the machinery in a cotton mill in Lancashire. The consumption of coal 
per I.H.P. is also shown. 

Fig. 89 shews diagrams taken from a three-cylinder compound screw 
engine. The high pressure cylinder is placed above the intermediate 
one, the same piston rod serving for both cylinders. The low pressure 
cylinder is placed alongside of the intermediate one. The remainder of 
the particulars will be seen on the cards. 

Fig. 40. Diagrams from locomotive engines. In No. 1 card it will be 
seen that the admission is small, by the slight falling off in the steam 
line. This could be remedied by increasing the length of the port, or 
the travel of the valve. No. 2 card is much better in this respect, the 
steam line running out straight, and showing a full and even pressure 
until the point of cut off is reached. Diagram No. 3 shows an enormous 
amount of compression when linked up ; while- No. 4 is linked up further 
than No. 8, and is much better in this respect, as seen by the compres- 
sion line running very little above the steam line. 

Figs. 41 and 42 are specimens of Friction diagrams. Fig. 41 is taken 
from a screw engine, having the propeller shaft disconnected at the first 
coupling. Fig. 42 is taken from a paddle wheel engine, with the paddle 
wheels disconnected. It is seldom that friction diagrams are taken, 
unless for experiment, as there is very great risk attending the taking 
of them. For all practical purposes the friction is usually taken at lib, 
pres. per square inch on the piston for large engines, and 21bs. for 
small engines. The friction of large engines is less in proportion than 
small engines. 

The latest experiment of this kind was carried out with the engines 
of H.M. twin screw despatch vessel " Iris." This vessel is fitted with 
two sets of engines, each set having two high pressure cylinders 41 inches 
diameter, and two low pressure cylinders 75 inches diameter, having a 
stroke of 3' 0". Each set of engines were kept running steadily while 
two sots of diagrams were taken. The port engine running at 87*5 
revolutions per minute gave 202 indicated horse power, and the star- 
board engine at 90*5 revolutions per minute gave 196 indicated horse 
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power, or together 808 indicated horse power was expended in dead 
load friction. The trials at all speeds shewed that the starboard engine 
worked with the least amount of friction. 

Fig* 48 shows diagram taken from an air pnmp. At the point A the 
pencil begins to ascend, until about two-thirds of the stroke of the 
pump has been performed, when at the point C the delivery valve begins 
to open, and somewhat reduces the pressure, as will be seen by the wave 
in the diagram. At D the water in the pump has attained its greatest 
pressure. From this point the pressure consequently falls to E. After 
the water has been discharged, the barrel of the Indicator moving in the 
meantime traces the line from E to F, when it commences another 
stroke. 

Fig. 44 are Mr. Spence*s diagrams showing the difference in dis- 
eharge pressure of double-acting pumps. No. 1 diagram is from a 
eireulating pump, shewing a continuous discharge, and also shewing 
that the bucket had not too much clearance at the ends of the pump, as 
is generally the case. The cause of the discharge continuing horizontal 
for such a length, shows that the bucket had to force the water through 
the tubes of the condenser. No. 2 diagram is from an injector pump, 
showing a rapid discharge. No. 8 diagram is from a surface condenser 
air pump. This card is below the atmospheric line, showing the dis- 
charge pressure to be very low. At the return stroke it shows that 
there was a little pressure, as seen by the slanting line. 

Fig, 45 shews a diagram taken from a feed pump. At the point A 
the stroke commences, at B the delivery valve opens, and at C the feed 
check valve on the boiler opens. From D to E the water has reached 
its highest pressure. This horizontal line shows a continuous discharge. 
On the water being discharged the pencil falls to 0, and continues so to 
A, the commencement of the stroke. The reason that part of the pres- 
sure at F is below the atmospheric line is through tiie pet cock not 
admitting sufficient air to soften the shock of the ram upon the water. 
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THE SLIDE VALVE. 



Fkf. 46 is an illustration of the most eommon fonn of the Slide Valve, 
used extensively in the present daj. The different parts are very 
plainly marked, and will he readily understood without any description. 
Lap on the steam side is the distance the valve covers or stands over the 
onter edge of the steam port. When the valve is at its mid-stroke, 
referring to the ahove Figure, the lap is from the dotted line to the out- 
side edge of valve marked A. 

Lap on the exhaust side of the valve is the distance that the valve 
iiands over the side of the steam port next to the exhaust port, as shewn 
by th0 dotted line marked B. 

The lead of the valve is the distance that the port is open to steam 
when the crank is at its dead points. 

By the angular advance of the eccentric, is to be understood the angle 
at which the eccentric radius stands in advance of that position which 
Would bring the slide to its mid-stroke when the crank is at its dead 
pdnts. 

Full steam is the position of the valve when fully open, and the piston 
is continuing in its motion. 

Gut off is the position of the valve when it has just closed the port 
i^punst the admission of steam. 

Li expansive working engines there are various descriptions of valves 

'^sed. In the Cornish engine the double beat valve is used ; in slow 

>P7orking[engines, such as pumping engines, we have valves lifted by 

^sams arranged to drop at the proper time, and in quick running engines 

'^e have the Corless valve moved by a series of link work. But the 

most common mode of expansion is to have one Slide Valve on the back 

of the other, or on the back of the chest of the main valve. By this 

contrivance it is possible to cut-off at almost any part of the stroke. 

There is also expansion by the link, which shortens the throw of the 

valve and increases the lap, but this is not a pure cut-off, but a mixture 

of throttling and cut-off. 

Expansion by means of lap on the main valve comes next, but this 
eannot be carried to any great extent. About two-thirds of the stroke 
is the earliest point at which the main Slide Valve should close the steam 
port. The method of setting the Slide Valves, so that they will admit 
%nd shut out the steam at the proper time, is of the greatest importance, 
and as the position of the eccentric sheave governs the working of the 
Blide, we will now explain the manner in which they are set : — 

In Fig» 4^1 the stroke of the crank is 24 inches, and the travel of the 
Elide Valve is 5^ inches ; the outside lap is 1}^ inches, and the lead of 
the valve is ^ of an inch. First draw two centre lines AB and CD at 

11 
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right angles to each other ; from the centre of the two lines marked 
draw a circle equal to the stroke of the crank, and from the same centre 
describe another circle equal to the travel of the valve ; next suppose 
that the point P represents the position of the crank pin when at the 
top of its stroke, then from the centre measure down on the centre 
line CD a distance equal to the lap and lead added together, which in 
this case is 1^ inch. From this point draw a line parallel to the centre 
line A£ until it touches the circle equal to the travel of the valve ; from 
these points to the centre draw the angular lines QO and BO, and each 
line will be the centre of the eccentric sheave when the crank is at its 
top centre. If the crank moves in the direction indicated bj the arrow, 
Q will be the centre of the go-ahead eccentric sheave, and B will be the 
centre of the go-astern eccentric sheave. 

Fig, 1 shows the position of the crank ^when the piston is at half 
stroke. It will be seen by the Figure that the connecting rod is a radius 
whose arc intersecting with the centre line of motion will denote a 
relative position for the piston at any part of the stroke, and therefore 
in no case can the angle of the crank be alike when the position of the 
piston are of equal distances from the ends of the stroke. It is also to 
be remarked that from the angularity of the connecting rod, with equal 
lap at both ends of the valve, steam is cut off sooner in the up stroke 
than in the down stroke ; this can be remedied by increasing the lap on 
the top side of the valve, but it should be remembered that the periods 
of release are similar. By this it will be seen that the difference in the 
Indicator diagrams from the top and bottom of the cylinder will be 
different, as is explained in another portion of this book treating on 
the Indicator. 

In Fig, 2 the piston is shewn at the top of its stroke, the crank being 
on the top centre. The point G is the position of the centre of the 
eccentric sheave at the instant of admission ; then the point H, that is 
the centre of the dotted line, must be the position of the centre of the 
eccentric sheave when the steam is shut off, and the crank will have 
reached the position shewn in Fig. 8, called the point of cut-off in the 
down stroke. At R we have the position that the crank pin will be in, 
but we require the distance the piston has travelled down before the 
steam was cut off. Therefore, as stated in Fig. 1, that the connecting 
rod was a radius denoting the position of the piston at any part of the 
stroke, it therefore shews that we will have to take the radius of the 
connecting rod and describe the arc of the circle, passing through the 
centre of the crank pin to the centre line of the engine ; then the dis- 
tance measured down from the crank circle to the arc intersected by the 
connecting rod radius is the distance travelled by the piston when the 
steam was cut off. In this case it measures 16 J inches on the diagram. 

Fig, 4 shews the same method carried out in reference to the up 
stroke. This diagram shews that the steam was cut off after the piston 
had travelled 14J inches. By this process any engineer, with the aid 
of a pair of compasses, can tell with very little trouble where any engine 
is cutting off the steam. The scale used in the diagrams is too small 
for any degree of accuracy, and in laying down the diagrams we would 
advise a scale of three inches to the foot. 
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VOLUME AND WEIGHT OP A CIBOULAR 

BRASS BEARING. 

Question. What is the weight of a pair of brasses 22* long overall, 
diameter of jonmal 11^', diameter of seat 14", diameter of flanges 17", 
thickness of each flange 1^", and the weight of 1 cubic inch of brass *8 
of alb.? 




Note. The solution to this question, given in page 76 is erroneous ; 



^ 
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Bubstitute the following solntion, which is dedaced from the application 
of Article 11 to the preceding figure. 

Weight = {{lix 19+17^X 8)— (11-6 x 22)} x -7864 x -8 
= 896*19508 lbs. Answer. 



VOLUME AND WEIGHT OP A PAIR OF 
RECTANGULAR BRASSES. 
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A pair of rectangular brasses is 11" wide, 12" deep, and 12" long, the 
shaft is 9i" diameter, and the flanges 18" square, and IJ" thick ; what is 
the weight of the brasses, allowing '8 of a lb. per cubic inch. 

By the application of formula A, Article 90, and formula A, Article 10, 
to the preceding figure, we obtain the following solution : 

Weight = (11 X 12 x 9-75 + 13 x 13 X 2-25— •7864x9-5 X 9-5x12) X -8 
■= 244 •99864 lbs. Answer. 



fcHAMmnOHB OF 



WEIGHT OP A THBUST BLOCK BEARING. 




By the application of formala A, -Article 11, to the preceding figure 
we obtain tiie following Bolution to question 9, page 164. 



415-8218 lbs. Anewei. 



WEIGHT OF A CRANK FOR A PADDLE SHAFT. 




By the application of formnlD A, Article 11, and formula A, Article 9, 
to the preceding figure, we obtain the following solntion to qneBtion 11, 
pi^e 92. 

Cubic inchea in boBssB = ■7854{(12— 6'6)x8+(16-6— 9'6)x»'76} 

= 20880079 
Cnbio ioobflB in bar =18-6x11-26x5 = 1010-626. 



Weight of Crank 



2088-0079 +l(M0-626 



' 8E8-76691bB. Answer 



liXjUltNATlONB or 



WEIGHT OF A T-HEADED PISTON BOD FOB AN 
OSCILLATING EKGINE. 



-A 



— ,1 - 



-^f- 



■-k 



By the application of formula A, Article 10, and formnia A, Articles, 
to the preceding figure, we obtain the following Bolntion to qneBtion 4, 
page 104. 

rod- T-hsad. 

(•7854x8«xl48)+(81xlOxB) 

Weight = . = 2427-217 IbB. 

8-6 



'"'Vkmm'k slide valve to be worked by n hooped spindle, the hoop 
iSROnndiBg tlie body of the valve, the port in the valve ia 14" by 7", the 
t— ifll <• the face at each end is 3", and at each gide IJ", the recess is 
^davmrt^gular, the thicknees of face is 1' and the thickness of the 
mt M tiw valve is f"; what is the weight of the valva, ftHowin R 
8^ fenUs^ches of oast iron to weigh 1 lb ? 




EXAMINATIONS OF ENOINEEBS. 



89 



The volame of the face is equal to the differenee in the volomes of two 
solids, of which the greater is a solid of the dimension of the face, and 
the otiier is a solid of the dimensions of the ports. In like maimer, the 
volume of the hody is equal to the difference of the volumes of two solids, 
and the volume of the valve is equal to the sum of the volumes of the 
face and body. Hence 

FACE. 



Length 
Breadth 

Outside volume 
Port volume 

Face volume 



14+1^+1* := 16| -= 16-25) lineal 



7+8 +8 

16-25x18x1 
14 X 7x1 



= 18 



h 



211-26\ 
—98-00 

118-25 



inches. 



cubic 
inches. 



Length = 

Breadth = 

Depth rrr 

Outside volume = 

Liside volume = 

Body volume = 



BODY. 

7+f+f 
4+f— 1 

15-5 X 8-5x8-76 
7x14x8 



15^ = 15-5 ) 
8J -= 8-5 
3f = 8-75. 

494-0625\ 
—294- 

2000625 



lineal 
inches. 



cubic 
inches. 



Weight 



118-25+2000625 



- = 80-837 lbs. Answer. 



8-9 
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'^SKBJtCft SUKWiSdt (THE /^SlttOlf 6p 

; . ■ ^. aBBATHRC STBUN. ;\ ' \ 




.Vo(e. The presBiire on the guide has the same proportion to the 
pressure on the pietoa, as the length of the crsnk has to the length of 
the connecting rod. 

Question. The piston is 49" diameter, pressure 80 lbs. per sqnaro 
inch, length of crank 24", and that of the connecting rod 8' 4", the guide 
block is 12" by 10" ; what is the greateet strain per square inch on the 
gnide block ? Make a sketch shewing the position of greatest strain. 



Greatest strain = 



■7854x49x49x30x24 

12 X 10 X 100 
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TO ALTER THE CUT OFF BY PINNING A PIECE 
ON TO THE VALVE, OR CHIPPING A 

PIECE OFF. 

Suppose the slide has 8 inches travel, and that the cat off is f , and it 
be desired to alter it to f . 




Let AB be a line 8 inches long, and C its centre. 
From C with the radius CA describe a circle AOBP. 



Let AF be 5 inches long, and AG 6 inches long ; let AL be the lead 
of the slide. 

Through F and G draw the lines MN and OP at right angles to AB, 
and let them meet the circle in the points M, 0. 

Draw the lines LM, LO, and CD^ G£, perpendicular to them 
respectively. 

From the centre 0., with the radii CD, G£, describe circles meeting 
AB in a and c respectively. 

Then ac is the thickness of the piece to pin on to the valve to alter 
the cut off from f to |, or to chip off to make it from f to |. 



1: j)^j'i^,i'-^ in; :.^i:\:'i A'A"i. OX '/Si ^ 



/Hte working drawings of parts of marine engines and boilera in tlie 
^MMri^rork have ail been prepared from actaal pieces of machinery, 
and dKt care has been taken in order to have them correct, so that it is 
MnS^pttly expected they will tend to supply a great want felt byyoaog 
OTginftlB in preparing for the Board of Trade examinations. 

The following hints may be nsoful to anch persons : — 

^ drawing it is necessary to have a suitable drawing board, a T square, 
two Bet squares, one with an angle of 45°, the other with an angle of 
60% b boK of instruments, India rubber, pencils, and drawing paper. 

I& shaping pencils for drawing, cut them with a flat edge like a chisel 
edge, as it lasts much longer than a round point, and makes the lines 
regular and of even thickness. 

In commencing a drawing, whether from another drawing, or from a 
ideM of machinery, begin with the centre lines ; as they are the most 
important hues in the drawing, and are usually represented by thin red 
lines. 

Having drawn the centre lines, take all the principal dimendons of 
the more important and larger parts of the object from centre lines, and 
fill in the smaller detaiis uTterwards ; be very careful in transferring 
those dimensioiiB to your own drawing, especially when working &om 
different scales. 

A few hints from a good teacher will be very beneficial to the learner, 
and by care, patience, and peTseverance, he will ultimately beocone 
proficient in the ait. 



ON PLANS, ELEVATIONS, AND SECTIONS. 

Engineer drawing is founded on the principles of Ferpendiadar 
Projection, in which the eye ia supposed to be at an infinite distaoee 
fnm the plane of projection, so that all lines drawn from the eye to the 
object to be represented are perpendicolar to the plane of projection. 
Referring to treatises on the subject for further information, we shall 
illustrate it as follows : — 

If we stand on Sunderland bridge, and look at a ship passing imder- 
neatb, then go alongside of her at the quay, then go ahead or astern of 
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ber, we find she has a very different appearance from these different 
points of view. 

Conceive the ship to be out of the water, upright, and on an even keel, 
and a piece of paper placed at the bottom of the keel parallel to the 
horizen, and all the principal lines of the ship as they would appear if 
seen from an eye exactly above every point of them successively, to be 
drawn on the paper, then that drawing is called the plan. 

Again, conceive that the ship is cut through the stem, keel, and 
stempost, and a piece of paper is placed on the cut, and the principal 
lines of the ship are drawn on this paper as they would appear to an 
eye perpendicular to the paper at every point of every line and alongside 
of the ship, then this drawing is called Uie elevation, or sheer plan. 

Again, conceive that the ship is cut through in the broadest part, 
square across, and a piece of paper is placed on the cut, and all the 
principal lines of the ship is drawn on the paper as they would appear 
to an eye perpendicular to the paper at every point of every line and 
ahead of the ship, then this drawing is called the section, or body plan. 

A good idea of the planes of the plan, elevation, and section may be 
obtained by laying a book on the table, opening it so that one side of 
the back is perpendicular to the table, and placing another book at its 
end, so that it rests against the body of the book on the table, and also 
against its open back ; and an object in the space contained by the two 
books, and the back of the one lying flat on the table might be repre- 
sented in plan on the book lying on the table, in elevation on its back, 
and in section on the other book. 

It is usual to represent the parts of machinery in plan, elevation, and 
section on the same paper. A line is drawn across the paper, and the 
plan is drawn below it, the elevation above, and the section at one side. 
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In Fig. 7 the top card is good, bat the bottom card has too macb 
lead. Iq this case take a liner oat from onder the eccentric rod foot 
eqaal to half the lead, then the movements of both cards will be too 
soon ; this will reqoire the sheave shifted back a little. 

Fig. 8 shews that the piston has been leaking in both the ap and 
down stroke at a certain part, or that the cylinder is slack in the middle, 
as shown by the rise in the back pressare. 

In Fig, 9 on the top card at the steam comer there is a loop. This is 
owing to the Indicator piston shooting straight np on admission of steam. 
While the piston of the engine is for a moment stationary on passing the 
centre, when the engine piston begins to move this line falls suddenly, 
forming the loop ; the bottom card will be observed to have too much 
compression, thus wasting power. To remedy this, notice that the 
exhaust opens late ; therefore if a piece is chipped off the exhaust edge 
of the valve, it will open sooner and close later, doing away with so 
much compression. 

Fig, 10 shews that the slide has been leaking on the bottom face. H 
will be seen by the rise of the pressure at d that fresh steam has beexz 
admitted after it has been cut off. 

Fig. 11 shews by the steam lines slanting instead of being horizon 
that the steam has been throttled, or that the pipes or ports are to ^^ 
small for the cylinder. 

Fig. 12 shews a pair of cards throttled by the link at 42 strokes p^» 
minute. In these diagrams nearly the whole areas are below the atmc^^ 
spheric line, but on the left hand corner of one of the Figures a loop : 
formed, which often appears in engines emplopng the link, the meaniic=a 
of which it is necessary to explain. The extreme point of the diagrar' -^ 
in every instance answers to the length of the stroke, and if the steac ^ 
is put up in the cylinder by the exhaust being closed before the end » 
the stroke, or if steam be allowed to enter before the end of the strok*' -= 
the pencil will rise to its highest point before the stroke is ended, and 
the paper on the barrel continues to move onward, the upper part of tl 
loop is formed. K the pressure within the cylinder when the pisti 
returns were to be precisely the same as when the piston advanc 
during this part of the stroke, the loop would be narrowed to a 
But as the advance of the piston when the valve is very Uttle op^^ 
somewhat compresses the steam, and at its recession, when the valve ^s 
very little open, causes it to be wire-drawn. The pressure while tJ^o 
piston advances and retires through this small distance, although the 
cylinder is open to the boiler by means of a small orifice, wil/ 
not be precisely the same, and the higher pressure will form the upper 
part of the loop, while the lower part will be formed by the lower pres- 
sure. By following the outline of the left hand diagram, it will be seen 
that the steam begins to be compressed within the cylinder when about 
three-fourths of the stroke has been completed, and the pencil conse- 
quently begins to rise somewhat above its lowest point ; but as the 
vaponr within the cylinder is very rare, the rise is very little until the 
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engines are good, showing all the different grades of expansion clearly, 
and especially the difference in the pressures in the low pressure 
cylinders, owing to the one being jacketed and the other not. 

Fig. 17. Cards taken from a compound engine. On the low pres- 
sure card vibration of the Indicator pencil will be observed, caused by 
the Indicator piston being too tight, or the Indicator spring being too 
stiff. 

Figs. 18 and 19. The irregular lines and small jumps seen on these 
cards are also caused by the vibration of the Indicator pencil through 
the spring being too stiSOf. 

Figs, 20 and 21 are specimens of Indicator cards taken from a com- 
pound engine. In Fig. 20 the steam is cut off at one quarter the sl^ oke. 
Fig. 21 the steam was cut off at } of the stroke. These cards were 
taken from an engine employed in the making of gas, the fuel used 
being coke in Fig. 21, the consumption being 4*81bs. per I.H.P. In 
Fig. 20 Welsh coal was used, the consumption being reduced to 2*81bs. 
per I.H.P. 

Fig. 22. Cards taken from a pair of compound screw engines, with 
the indicated horse power worked out. 

Fig. 28. Cards from a pair of compound screw engines, with the in 

dicated horse power worked out. The process is as follows ; — ^Divid< 

the cards into ten equal parts, as shewn in figs. 22 and 28. Th( 

advantage of dividing it into ten parts instead of seven or eight parts u 

that the division by ten is accomplished by merely shifting tibe positi( 

of the decimal point ; a division of ten parts is quite accurate enougi 

for all practical purposes. Measure the width of the card in the middle 

of each division, as shown by the dotted lines ; add the sum togetheic:^ 

and divide by ten, or, as stated before, shift the decimal point one figure 

to the front, which amounts to the same thing. This will equal the 

mean pressure on that side of the piston. Proceed with the other 

in the same way. Ha%ing got the mean pressure on each side of th^^^^he 

piston, add both together and divide by two ; the sum of this 

the mean pressure in the cylinder. Then proceed as follows : — 

area of cylinder x mean pressure x piston speed per min. 

^ the 

88000 

indicated horse power obtained from that cylinder. The 

per minute multiplied by twice the length of stroke in feet equals thtf=Ad 

yk^Um. speed per minute. 

Fig. 24. Cards from the cylinder of an oscillating paddle 
engine, the diameter of the cylinder 54", stroke 6' 0^. 

Fig. 25. Diagrams from a pair of compound screw engines, built 
UieTyne. 
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high presBore cylinders being 22* din., and low pressnre eylinders 38^ dia., 
the stroke being 6' (T. These engines drive feathering paddle wheels 
21' or dia., each wheel having 16 floats 10' 0* x 2' 6* broad. 

Fig, 86. Cards taken from a pair of compound screw engines having 
the cylinders and covers jacketed, high pressure sUde catting off at *7 of 
the stroke, and the low pressure slide catting off at *5 of the stroke. 

Fig, 87 shows cards taken from a compoond screw engine working at 
fall gear, and also with the gear four tarns in, showing a very light 
consamption of coal. These cards spei^ for themselves, and require no 
comment. 

Fig, 88. Cards taken from a single cylinder engine used for driving 
the machinery in a cotton mill in Lsuncashire. The consumption of coal 
per I.H.P. is also shown. 

Fig, 89 shews diagrams taken from a three-cylinder compound screw 
engine. The high pressure cylinder is placed above the intermediate 
one, the same piston rod serving for both cylinders. The low pressure 
cylinder is placed alongside of the intermediate one. The remainder of 
the particulars will be seen on the cards. 

Fig. 40. Diagrams from locomotive engines. In No. 1 card it will be 
seen that the admission is small, by the slight falling off in the steam 
line. This could be remedied by increasing the length of the port, or 
the travel of the valve. No. 2 card is much better in this respect, the 
steam line running out straight, and showing a full and even pressure 
until the point of cut off is reached. Diagram No. 8 shows an enormous 
amount of compression when linked up ; while-No. 4 is linked up further 
than No. 8, and is much better in this respect, as seen by the compres- 
sion line running very little above the steam line. 

Figs, 41 and 42 are specimens of Friction diagrams. Fig. 41 is taken 
from a screw engine, having the propeller shaft disconnected at the first 
coupling. Fig. 42 is taken from a paddle wheel engine, with the paddle 
wheels disconnected. It is seldom that friction diagrams are taken, 
unless for experiment, as there is very great risk attending the taking 
of them. For all practical purposes the friction is usually iaken at lib, 
pres. per square inch on the piston for large engines, and 21bs. for 
small engines. The friction of large engines is less in proportion than 
small engines. 

The latest experiment of this kind was carried out with the engines 
of H.M. twin screw despatch vessel ** Iris." This vessel is fitted with 
two sets of engines, each set having two high pressure cylinders 41 inches 
diameter, and two low pressui-e cylinders 75 inches diameter, having a 
stroke of 8' 0". Each set of engines were kept running steadily while 
two sets of diagrams were taken. The port engine running at 87*5 
revolutions per minute gave 202 indicated horse power, and the star- 
board engine at 90*5 revolutions per minute gave 196 indicated horse 
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ON ENGINEER DRAWING. 



The working drawings of parts of marine engines and boilers in the 
present work have all been prepared from actual pieces of machinery, 
and great care has been taken in order to have them correct, so that it is 
confidently expected they will tend to snpply a great want felt by young 
engineers in preparing for the Board of Trade examinations. 

The following hints may be useful to such persons : — 

In drawing it is necessary to have a suitable drawing board, a T square, 
two set squares, one with an angle of 45°, the other with an angle of 
60'^, a box of instruments, India rubber, pencils, and drawing paper. 

In shaping pencils for drawing, cut them with a flat edge like a chisel 
edge, as it lasts much longer than a round point, and makes the lines 
regular and of even thickness. 

In commencing a drawing, whether from another drawing, or from a 
piece of machinery, begin with the centre lines ; as they are the most 
important lines in the drawing, and are usually represented by thin red 
lines. 

Having drawn the centre lines, take all the principal dimensions of 
the more important and larger parts of the object from centre lines, and 
fill in the smaller details afterwards ; be very careful in transferring 
those dimensions to your own drawing, especially when working from 
different scales. 

A few hints from a good teacher will be very beneficial to the learner, 
and by care, patience, and perseverance, he will ultimately become 
proficient in the art. 



ON PLANS, ELEVATIONS, AND SECTIONS. 

Engineer drawing is founded on the principles of Perpendicular 
Projection, in which the eye is supposed to be at an infinite distance 
from the plane of projection, so that all lines drawn from the eye to the 
object to be represented are perpendicular to the plane of projection. 
Referring to treatises on the subject for further information, we shall 
illustnde it as follows : — 

If we stand on Sunderland bridge, and look at a ship passing onder- 
Ihen go alongside of her at the quay, then go ahead or astern of 
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